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This application is a continuation-in-part of 

PCT/US0G/402t 1 filed June 21, 2000 whi:h claims priority to 

US Application Serial No. 09/344,521 filed June 25, 1999, 
5 now issued as U.S. Patent. No. 6,100,0 90. 

FIELD OF THE INVENTION 

The present invention provides compositions and 
methods for modulating the expression of PI3K p&E. In 
particular, this invention relates to antisense compounds, 
l o particularly ol igonucleot ides , spec ifically hybr idi zabl e 
with nucleic acids encoding human PI3K p35. Such 
oligonucleotides have been shown to modulate the expression 
of PI3K p35 . 

BACKGROUND OF THE INVENTION 

15 Many growth factors and hormones such as nerve growth 

factor (NGF) , platelet: derived growth factor (PDGF) , 
epidermal growth factor (EGF) and insulin mediate their 
signals through interactions with cell surface tyrosine 
kinase receptors . The transduction of extracellular 

20 signals across the membrane, initiated by ligand binding, 

leads to the propagation of multiple signaling events which 
ultimately control target, biochemical pathways within the 



The phO'Sphat idyl inositol 3-kinases ''PI3Ks; represent a 
2 5 ubiquitous family of heterodimeric lipid kinases that ore 

found in association with the cytoplasmic domain of kcro.cne 



cell . 



and gr jv;:h f ac::r receptors and cr.rcger.e products. r I::^ 
art as downstream effect :rs of tf.es e receptors, are 
rerruiteci upon re rector stimulation and mediate the 
activation of second messenger signaling pathways through 
5 the production of ph osphory 1 at ed derivatives of inositol 
(Fry, Biochiw. Biophys. Acta,, 1994, 1226, 2 3 7-168). 

P I z Y.-s have bee n i mp lit a ted in ma ny cellular act i v it i e s 
including growth factor mediated cell, transformation, 
mi oogenesis, protein trafficking, cell survival and 

10 proliferation, E>NA synthesis, apc'ptosis, neurite outgrowth 
and insulin-stimulated glucose transport (reviewed m Fry, 
Biochiw. Biophys. Acta., 1994, 1226, 237-268). 

The PI 3 kinase enzyme heterodimers consist of a 110 kD 
(pi 10) catalytic subunit associated with an 85 kD (p>35) 

is regulatory subunit and it is through the SH2 domains of the 
p3= subunit that the enzyme associates with the membrane- 
bound receptors lEseobedo et al . , Cell, 1991, 65, 1E-Q2; 
Skolnik et al. , Cell, 1991, 65, 33-90). 

PI3K p3 5 (also known as GRB1 and PIK3R1) was initially 

20 i sedated from bovine brain and shown to exist in two forms, 
a and ? , encoded by two different genes. In these studies, 
both p8E- i so forms were shown to bind to and act as 
substrates for tyros i ne - phosplnory 1 at ed receptor kinases and 
the polyoma virus middle T antigen complex (Otsu et al . , 

25 Cell, 1991, 65, '?1-104). The p65> subunit has been shown 
to interact with other proteins including tyrosine kinase 
reteptors such as the erythropoietin receptor, one F1C3P.-. 
receptor and Tie2 , an endo t he 1 i urn - sp-e c o f i c receptor 
involved in vascular development and tumor angiogenesis 

30 (Escobedo et al . , Cell, 1991, 65, 75 — 2; He et al . , Bleed, 
1993, 82, 353C-3536; Kontos et al . , Mol . Cell. Biol., 1998, 
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16, 4131-414C . It also interacts with focal adhes:;:; 
kinase FAK) , a cytoplasmic tyrosine kinase involved in 
integrm signaling ana is thought to oe a substrate and 
effector of FA?:. Furthermore, the p85 >. subunit also 
5 interacts with profilm, an act in binding protein that 

facilitates actin polymerization (Bhargavi et al . , Bioohem. 
Mol . Biol. Int., 1998, 46, 2 4 I -24 F; Chen and Guar, Proo. 
Natl. Acad. Sci. U. S. A., 1994, 91, 1014 8-10152), ana one 
p8 5 /pro f 1 1 in oomp 1 ex inhibi t s actin polymeri zation . 

10 The murine homo log of PI3K p3B,.i gene has been isolated 

and characterized (Fruman, et al . , Genomics, 1996/ 27, 013- 
21) . This gene was shown to produce alternative splice 
variants of 50, 5 5 and 8 5 kD each with unique expression 
patterns, the p'5 0 , being the most abundant variant found in 

15 liver. In addition, the novel splice variant, p>55<, has 

also been reported in rats [Shin, et al . , Blochem. Biophys . 
Res. Commun., 1998 , 246, 313-319; Inukai, et al . , J . Biol. 
Chem. , 1996, 271, 5 3 17-20) and in humans (Antonetti, et 
al . , Moll. Cell. Biol., 1996, 16, 2195-203). 

20 Characterization of this variant revealed its 

expression to be highest in brain and muscle. This 
variant, along with tine full length p-5 < variant, has been 
shown to interact with insulin receptor substrates and are 
thus likely to be involved in insulin and glucose mediated 

2 5 signal transduction. 

Recently, a truncated form of the PI3K p35 > subunit 
was isolated .Jimenez et al . , Embo J., 1998, 1 7, 7-; :. - ~ - . 
This form includes the first 571 ammo acids of the wol i 
type (encoded icy nucleotides 43 - 1755 of Genbank Acc . No. 

20 M619C6) linked to a reaion that is conserved m the enh 
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tyrosine kinase receptor family. This truncation '.vas shewn 
to induce the tons :i tut ive activation of PI 3 kinase ?utc 
contribute to cellular transformation of mammalian 
f i brobl as t s . 

5 Terauchi et al. have generated mice with a targeted 

disruption of the gene encoding PI3P: pSE..< (Terauchi, et 
ai . , Nat. Genet., 1999, 21, 230- 5) . These mice showed 
increased insulin sensitivity and hypoglycemia due to 
increased glucose transport in skeletal muscle and 

10 adipocytes. Interestingly, trie activity of PI3K associated 
with insulin receptor substrates (IRSs) was found to be 
mediated by the full-length p3 5cx in wild- type mice but by 
an alternative splice variant, p50a, in the knockout mice. 
Recently, mice with disruptions in all three splice 

15 variants have been generated irruman, et al . , Science, 

1999, 233, 393-397). Most of these mice die within days 
after birth. Heterozygous mice, however, were studied and 
found to have imp-aired 3-cell development and proliferation 
indicating that PI3K p85a and its variants may play a role 

20 in signal transduction pathways of the immune system. 

Currently, there are no known therapeutic agents which 
effectively inhibit the synthesis of PI] kinase and the 
major approach to studying PI 3 kinase function has been the 
use of chemical inhibitors, one phosphorothioate ant i sense 

25 oligonucleotide targeted to the first 24 nucleotides of the 
ceding sequence of the p3 5o* variant (Skorski, et al. , 
Blood, 1995, 36, 726 -36 ; Zauli, et al . , Blood, 1997, 8c, 
883-95/ and knockout mice. 

Several chemically distinct inhibitors for t' 1 3 kinases 

30 are reported in the literature. These include wort marine n , 
a fungal metabolite "Ji et al . , Trends Biochem. Sci . , 1995, 
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20, 302-3G7' 1 ; denser hcxyvi r idm , an antifungal agent 
;Wcs:hc:sk: e: al . , FEES Lett., 1994, 342, 13?-114 c. ; 
quercetiri and LY2?4 0 02, two related :hrcni:nes (Vlahos e~: 
al . , J. Biol. Chew., 1994, 269, 5241-524S). However, :i:ese 
5 inhibitors primarily target the pi 10 subunit and are 

untested as therapeutic protocols . 0 jnsequent ly, there 
remains a long felt need for additional agents caparole :r 
e f fectivel y inhibit i rig P I 3 K p 5 E a f uno 1 1 on . 

Alternatively, antisense technology is emerging as an 

10 effective means for reducing the expression of specific 

gene products and may therefore prove to be uniquely useful 
in a number of therapeutic, diagnostic, and research 
applications for the modulation of PI3K pS5 expression. 
The present invention provides compositions and 

15 methods for modulating PI3K p3Eo expression, including 
modulation of the truncated f crm of PIE'?: p35o and the 
splice variants of PI3K p85a, p50o and p55a. 



SUMMARY OF THE INVENTION 

The present invention is directed to antisense 
20 compounds, particularly oligonucleotides, which are 

targeted to a nucleic acid encoding PIE'?' p35, and whion 
modulate the expression of PI:?: p85. Pharmaceutical and 
other compositions comprising the antisense compounds of 
the invention are also provided. Further provided are 
25 methods of modulating the expression of E'I3K p35 in cells 
jr tissues comprising contacting said cells or tissues \oiti 
:ne or more cf the antisense oonuoounds or compositions f 
the invention. Further provided are methods of treating an 
animal, particularly a human, suspe:ted cf having or being 
22 crone to a disease or condition assooiated with excress.ion 
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DETAILED DESCRIPTION OF THE INVENTION 

5 The present invention employs oiigomeric antisense 

rompounds, particularly cl laonuc 1 eot i des , for use in 
modulating the function of nucleic acid molecules encoding 
PI3K p85, ultimately modulating the amount of PI3K p35 
produced. This is accomplished by providing antisense 

10 compounds which specifically hybridize with one or more 

nucleic acids encoding PI3K p85. As used herein, the terms 
"rsrget nucleic acid" and "nucleic acid encoding PI3K p8 5" 
encompass DNA encoding PI3K p35, RNA (including pre-mRNA 
and mRNA ) transcribed from such DNA, and also cDNA derived 

is from such RNA. The specific hybridization of an oliaomeric 
compound with its target nucleic acid interferes with the 
normal function of the nucleic acid. This modulation of 
function of a target nucleic acid by compounds which 
specifically hybridize to it is generally referred to as 

20 "antisense". The functions -of DNA to be interfered with 
include replication and transcription. The functions oo 
RNA to be interfered with include all vital functions such 
as, for example, translocation of the RNA to the site c: 
protein translation, translation of protein from the RNA , 

25 splicing of the RNA to yield one or more mRNA species, and 
catalytic activity which may be engaged in or facilitated 
by the RNA. The overall effect of such interference wi*:h 
target nucleic acid function is modulation of the 
expression of PI2K p35. In the context of the present 

30 invention, "modulation" means either an increase 
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( st imul a: ion : :r a decrease ;:;h:i::::c':v on the expression 
of a gene. In the :c:::ex: of :he present invention, 
inhibit :on is the preferred form if modulation cf gene 
expression and mRNA is a preferred target . 
5 It is preferred to target specific nucleic acids f :r 

antisense. "Targeting" an ant i sense compound to a 
particular nuclei: acid, in the context of this invent 1:11, 
is a multistep 1 pro:ess. The prcoess usually begins v/itn 
the identification of a nucleic arid sequence whose 

10 function is to be modulated. This may be, for example, a 
cellular gene (or mRNA transcribed from the gene) whose 
expression is associated with a particular disorder or 
disease state, or a nucleic acid molecule from an 
infectious agent. In the present invention, the target is 

15 a nucleio acid molecule encoding FI3K p> 3 5 . The targeting 
process also includes determination of a site or sites 
within this gene for the antisense interaction Co occur 
such that the desired effect, e.g., detection or modulation 
of expression of the protein, will result. Within the 

20 context of the present invention, a preferred intragenic: 

site is the region encompassing the translation initiation 
or termination codon of the open reading frame (OR?) of the 
gene. Since, as is known in the art, the translation 
initiation codon is typically 5 ' -AUG (m transcribed mRNA 

25 molecules; 5 » -ATG in the corresponding DNA molecule), the 
translation initiation codon is also referred to as the 
" AUG codon," the "start codon" or the "AUG start ooion" . A 
minority of genes have a translation initiation oca on 
having the RNA sequence 5 ' - 30 : G , 5'-UUG or 5 ' - GUG , and 

oc 5 ' - AUA , 5 1 -AGG and 5 ' - CUG have been shown to function on 
vivo. Thus, the terms "translation initiation codon" and 




- 8 - 



"start cod:n" tart etcotpass many codon sequences, even 
though tne initiator atit: at id m each instance is 
typically methionine m eukaryctes or f toy lmet h i cnm- 
( i n p r o ka r y o t e s : . It is also knc wn i n the art t h a t 
5 eukaryct i : and prokaryotic genes may have two or more 
alternative start c :d:ns, any one of which may be 
preferentially utilized for translation initiation in a 
particular cell type ■: r tissue, or under a particular set 
of renditions. In the context of the invention, "start 
10 coden" and "translatiin initiation codori" refer to tne 
codon or codons that are used in vivo to initiate 
translation of an mRNA molecule transcribed from a gene 
entcdmg PI3K p85, regardless of the sequence (s) of such 
codons . 

15 It is also known in the art that a translation 

termination codon (or "stop codon") cf a gene may have one 
of three sequences , i.e., 5 ' - UAA , 5 ' -"JAG and 5 ' -UGA (the 
corresponding E'NA sequences tire 5 ' -TAA, 5 ' -TAG and 5 ' -TGA, 
respectively) . The terms "start codon region" and 

20 "translation initiation codon region" refer to a tort ion of 
such an mRNA or gene tnat encompasses fro»m about 2 5 to 
about 50 contiguous nucleotides in either direction f i o- . , 
5' :r 2') from a translation initiation codon. Similarly, 
the terms "stop codon region" and "translation termination 

25 codon region" refer to a portion of such an mRNA or gen- 
that eniompasses from about 2~ to about EC contiguous 
nucleotides in either direction (i.e., 5' or 3') from a 
t rans 1 at i on t erminat. ten c cdon . 

The open reading frame : '0RF] or "coding region," vcoon 

io is known m the art. to refer to the region between one 
translation initiation codon and the translation 




unrransi a:ed regie:: 5'UTR) , kni'w:: in :he art t: refer *: :: 
the portion of an mRNA in the 5' direction from the 
5 translate in initiation codon, and thus including 

nucleotides between e he 5' cap sire and the translation 
initiation codon of an mRNA or corresponding nucleotides on 
the gene, and the 3' untranslated region (3 ,T JTR) , known in 
the art to refer t o the portion of an mRNA in the ] ' 

10 direction from the translation termination codon, and thus 
including nucleotides between the translation termination 
codon and 3' end of an mRNA or corresponding nucleotides on 
the gene. The 5' cap of an mRNA comprises an N7 - met hy. 1 at ed 
gnanosine residue joined to the 5 1 -most residue of the mRNA 

15 via a 5 ' - 5 ' triphosphate linkage. The 5' cap region of an 
mRNA is considered to include the 5' cap structure itself 
as well as the first 50 nucleotides adjacent to the cap. 
The 5' cap region may also be a preferred target region. 

Although some eukaryotic mRNA transcripts are directly 

no translated, many contain one or more regions, known as 

"introns, " which are excised from a transcript before it is 
translated. The remaining (and therefore translated) 
regions are known as "exons" and are spliced together to 
form a continuous mRNA sequence. mRNA splice sites, i.e., 

25 mtron-exon junctions, may also be preferred target 

regions, and are particularly useful in situations where 
aberrant splicing is implicated in disease, or where an 
c v erproduttion of a particular mRNA splice product is 
i mp licated in disease. Abe r rant fuse o n j un c 1 1 o n s due t . 

eo rearrangements or deletions are also preferred targets. It 
has also been found that mtrens can also be effective, and 
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therefore preferred, target regions for antisense co"x;*:nds 
targeted, for example, to DNA :r pre - mRNA . 

'jroe one or more target sites have been identified, 
oligonucleotides are chosen which are sufficiently 
5 complementary eo the target, i.e., hybridize sufficiently 
well and with sufficient specificity, to give the desired 
ef f ect . 

In the context o>f this invention, "hybridization" 
means hydrogen bonding, which may be Wat son- Crick , 
10 Hoogsteen or reversed Hoogsteen hydrogen bonding, between 
complementary nucleoside or nucleotide bases. For example, 
adenine and thymine are complementary nucleobases which 
pair through the formation of hydrogen bonds . 

"Complementary, " as used herein, refers to the capacity for 
is precise pairing between two- nucleotides. For example, of a 
nuodeoti.de at a certain position of an oligonucleotide os 
capable of hydrogen bonding with a nucleoside at the same 
position of a DNA or RNA molecule, then the oligonucleotide 
and the E'NA or RNA are considered to be complementary to 
20 each other at that position. The oligonucleotide and the 
DNA o»r RNA are complementary to each other when a 
sufficient number of corresponding positions in each 
molecule are occupied by nucleotides which can hydrogen 
bond with each other. Thus, "specifically hybr idi zabi e " 
25 and "complementary" are terms which are used to indicate a 
sufficient degree of complementarity c>r precise pairing 
such that stable and specific binding ocrurs between the 
oligonucleotide and the INA or RNA target. It is 
understood in one art that the sequence of an antisense 
compound need net be 130% complementary to that of its 
target nucleic acid to be specifically hytridizaole . An 



• 



antisense compound :s spe:if i :aliy hybndizable v;hei: 
binding ::f :he compound to the target ONA or RNA molecule 
interferes with toe ro-rmal furoticr. of the target LCNA : : 
RNA to cause a less of utility, and toe re is a sufficient 
5 degree of c-omp lemenc ar i ty to avoid non-specific binding of 
the ant: sense compound to non- target sequences under 
conditions in which specific binding is desired, i.e., 
under physiological conditions in the oase of in vivo 
assays or therapet::: treatment, and in the case of in 
10 vitro assays, under conditions in which the assays are 
performed . 

Antisense compounds are commonly used as research 
reagents and diagnostics. For example, antisense 
oligonucleotides, which are able to inhibit gene expression 

is with exquisite specificity, are often used by those of 
ordinary skill to elucidate the function of particular 
genes. Antisense corrnoounds are also used, for example, to 
distinguish between functions o>f various members of a 
bi ological pathway. Antisense modulat ion has, therefore, 

20 been harnessed for research use. 

The specificity and sensitivity of antisense is also 
harnessed by those C'f skill in the art for therapeutic 
uses. Antisense ol igonucleot ides have been employed as 
therapeutic moieties in the treatment of disease states in 

25 animals and man. Antisense oligonucleotides have been 

safely and effectively administered to humans and numer us 
clinical trials are present ly underway. It is thus 
establis he d t h a t o 1 i go nu c I eot i de s can be useful therapeutic 
modalities that can be configured to be useful on treat - :. ent 

3 0 regimes for treatment of cells, tissues and animals, 
esteciall v human s . 
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In the :cr:tex: of this invention, the term 
"oligonucleotide" refers to an oligomer or polymer of 
r:bcou:le:: and ,RXA, or de oxy r ibonu o I e i o and ; UNA 
mimetics thereof. This term moludes o 1 ig onu o 1 e ct i de s 
5 c-omp-jsed of naturally-occurring nucleobases, sugars and 
covalenc i nt e rnuc leos ide (backbone^ linkages as well as 
■o I igonu o leot ides having n on- natural ly - o:currmq porin:u 
which function similarly. Such modified or substituted 
oligonucleotides are often preferred over native forms 
io because of desirable properties such as, for example, 

enhanced cellular uptake, enhanced affinity for nucleic 
acid target and increased stability in the presence of 
nuc leases . 

While ant i sense oligonucleotides are a preferred form 

is of antisense compound, the present invention comprehends 
other oliaomeri : antisense compounds, including but not 
limited to oligonucleotide mimetics such as are described 
below. The antisense compounds in accordance with this 
invention preferably comprise from about 3 to about 3 0 

20 nucleobases (i.e. from about S to about 30 linked 

nucleosides) . Particularly preferred antisense compounds 
are antisense oligonucleotides, even mo-re preferably those 
comprising from abc»ut 12 :o about 2E nucleobases . As is 
known in the art, a nucleoside is a base-sugar combination. 

25 The base portion of the nucleoside is normally a 

heterocyclic base. The two most commcn classes of sue:: 
heterocyclic oases are the purines and the pyrimidmes. 
Nucleotides are nucleosides chat further include a 
phosphate group covalent ly linked to: one sugar porti on f 

30 the nucleoside. For those nucleosides that include a 

p ent c f uranc sy 1 sugar, the phosphate group can be linker: :o 
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e i t. her z :ie 2 ' 3 ' c i~ 5 ' hv dr jxvl m ~ :e" , , r c f c he s ucr ar . 1 :i 
forming c I :g none 1 ec 1 i des # the p;h:sphs:e groups :cvale::: // 
1 i:k adjacent nucleosides to jr.e another to f jit. a li::e ;i 
polymeric compound. In turn one respective ends of this 
5 linear polymeric structure can be further j coned to t ..no: a 
circular* structure, however, open linear structures are 
generally preferred. Within the oligonucleotide structure, 
the phosphate groups are commonly referred to as forming 
the i nt e roue 1 e os i de backbone of the oligonucleotide. The 

10 normal linkage or" backbone of RNA and DNTA is a 3' to 5 ' 
phosphodiest er 1 inkage . 

Specific examples of preferred antisense compounds 
useful m this invention include oligonucleotides 
containing modif ied backbones or non-natural 

is mternucleoside linkages. As defined in this 

specification, ol lgcouoleot ides having modified backbones 
include those that retain a phosphorus atom m the backbone 
and those that do not have a phosphorus atom in the 
backbone. For the purposes of this specification, and as 

20 sometimes referenced in the art, modified oligonucleotides 
that do not have a phosphorus atom in their internucleoside 
backbone can also he considered to- be ol igonuol eos i des . 

Preferred mcdif ied oligonucleotide backbones include, 
f c r example , phosphor ot hi oat es , chi ral phosphorot hi oat es , 

25 phosphorodi thioat es , phosphot r i est ers , aminoalkyl - 

pho'Sphctriesters , methyl and coiner alkyi phosphenates 
including o'-alkyleue phosphenates and chiral phosphorates, 
p h osp hi nates , phosphc rami dat es including 3 '-amino 
phosphor ami date and aminoal ky Iphcsp he rami dat es , 

thionc al ky Iphcsp he t riesters , and borancpnosphates havno 
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which are commonly owned with this application, and each of 

15 which is herein incorporated by reference. 

Preferred modified oligonucleotide backbones that do 
not include a phosphorus atom therein have backbones that 
are formed by short chain alkyl or cycloalkyl 
incernuoleoside linkages, mixed heteroatom and alkyl or 

20 cycloalkyl i nternuc 1 eoside linkages, or -one or more short 
chain net eroa torn i c or heterocyc lie int e rnucl eos i de 
linkages. These include those having morpholino linkages 
(formed in part from the sugar portion of a nucleoside 1 ; 
siloxane backbones ; sulfide, sulfoxide and sul f one 

25 backbones; formacetyl and thi of ormace t y 1 backbones; 

methylene formacetyl and thi of ormacet yl backbones; aikene 
containing backbones; sulfamate backbones; me thy iene immc 
and methy lenehydraz ino backbones ; sul f onate and sul f onao.ide 
backbones; amide backbones; and others having mixed K, . , S 

oc and CK component parts. 
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Representative United States patents that teacn 
preparation cu the above ol i.gcna c ie os ides include. 



it limited t 
2 14, 134 
155, 93 3 
54 1 , ]5 7 

5:2,24;:' 

56 3, 5 12 



Z. ^ T , X -1 . 



; 5 , ^ j 5 , _ 2 ; 5 , ^. 5 4 , o •: 2 ; 5 , -5 4 , o 6 4 ; 

4 1-4,257; 5,456,-57^; 5,4 7 5, 5 5 7 ; 5,43 

5 6 1,225; 5,596,586; 5,602,24 0; 5,615,23=;; 

6 : 5 , : 4 6 ; 5,610,259; 5 , 5 1 3 , 7 5 4 ; 5 , 6 2 5 , 3 7 5 ; 
553,565; 5,677,437; and 5,677,439, certain of 

which are commonly owned with this application, and eacn of 

io which is herein incorporated by reference. 

In other preferred oligonucleotide mimetics, both, the 
sugar and the int ernuc 1 eos ide linkage, i.e., the backbone, 
of the nucleotide units are replaced with novel groups. 
The base units are maintained for hybridization with an 

15 appropriate nucleic acid target compound. One such 

oligomer ic compound, an oligonucleotide mimetic that has 
been shown to have- excellent hybridization properties, is 
referred to as a peptide nucleic acid (?NA). In PNA 
compounds, the sugar -backbone of an oligonucleotide is 

20 replaced with an amide containing backbone, in particular 
an amirioethylglyc i ne backbone. The nucleobases are 
retained and are bound directly or indirectly to aza 
nitrogen atoms c>f the amide portion of the backbone . 
Representative United States patents that teach the 

25 preparat ion o-f PNA compounds include, out are net limited 
to, U.S.: 5,5^5,052; 5,714,]]!; and 5,71^,262, eacn of 
which is herein incorporated by reference. Further teaching 
o-f PNA compounds can be found in Nielsen et al . , S-ienc^, 
1991, 2 54, 14 57-1550. 

oi iao nuclei' t ides with chosthorcthicate backbones and 
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ol igcnucleosides wotlo hetercatom backbones, and an 
particular - CH ->TH-0-CH : - , - CH - N ■ CH . ; - C - CH_ - [known a? a 
methylene omecny 1 on mo / cr MM I backbone] , CH • C X CH - 01 - , 
- "H -N i CH. j --N \ CK. 1 - CH - and -C-N(CH ) - CH - 0H_ - [wherein r. :o.- 
5 native phosphodies t er backbone is represented as -O-F-C CH - 
] of the above referenced U.S. patent 5,4 8 9,677, and the 
amide backbones of the above referenced U.S. patent 
5, -502,24j. Also preferred are :■ 1 i gonu o 1 eot ides navmg 
naorpho 1 i no backbone structures cf the above-referenced U.S. 

10 patent 5,034, 506 . 

Modified oligonucleotides may also contain one or more 
subst ituted sugar moieties . Preferred oligonucleot ides 
comprise one of the following at the 2' position: OH; F; O- 
, S-, or N-alkyl; 0-, S-, or N-alkenyl; O- , S- or N- 

15 alkynyl; or O- alky 1 -O - alkyl , wherein the alkyl , alkenyl and 
alkynyl may be substituted or unsubs t r tut ed C^ t : C_ alkyl 
■or C_ to C : - alkenyi and alkynyl. Particularly preferred are 
C[(CH,) : D] : CH. # 0 ( CH_ ') . OCH 3 , 0(CHJ : ,NH : , «J ( CH L ) :: CH 3 , o (CH o ONH , 
and O f CH ; . ) ON [ CH ) , CH- ) ] 2 , where n and m are from 1 to about 

20 1C. Other preferred oligonucleotides ooonprise one ot the 
following at the 2' position: C- to 21 lower alkyl, 
substituted lower alkyl, alkaryl, aralkyl, O-alkaryi or O- 
ar alkyl, SH, SCH., 0CN, Cl , Br, CM, C PC , 0CF., SOCH., SC. CH., 
ONO : _, NO , N. , IJH , heterocycloalkyl , heterocycloa lkaryl , 

25 aminoal kylamm o , po iyal kyl amino , substituted silyl , an RNA 
cleaving group, a reporter group-, an mtercalator, a grout) 
f cr improving the pharmacokinetic properties C'f an 
oligonucleotide, or a group for improving the 

pharmacodynamic properties of an cl igonuoleot ide , and o * her 
oo surest i t uent s having similar properties. A preferred 

modi f i oat ion includes 2 ' -methoxvethoxv 2 ' -C : -CH CH CCH , also 
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kn:wr. as 2 ' -O- 2 -T.ethoxyethyl . or 2 ' -XOE ,Marr;:: er al . , 
Helv. Ohim Act^, 1995, 7 8 , 436-5:4- i.e., an alhcxyalu xy 
qr^up . A further preferred modi f icat ion includes 2' - 
dimet hyl arunooxyetnoxy , i.e., a O ( CH_ ]y ON ( OH . ) ^ grcup, also 
5 ; ;n:wn as 2'-DMAOE, as described in examples here mbe 1 ov; , 
an: 2 1 -di'Tiethylamincethoxyecht'Xy (also known in the ar: as 
1 ' -0>-dimethylaminoet noxyethyl or 2 ■ - DMAEOE ) , i.e., 2 1 - C OH. - 
O - 090 - N i' OH. ) , aisc described m examples hereinbelow. 

Other preferred modifications include 2 ' -methoxy ^ ' - 

10 O-OH.) , 2 ' -ammcprc pcxy (2 1 - OCH : ; CH OH : NH ) and 2 ' - f luoro ,2 ' - 
F) . Similar modifications may also be made at other 
positions on the oligonucleotide, particularly the :■ ' 
position of the sugar on the 1' terminal nucleotide or in 
2' -5' linked oligonucleotides and the 5' position of 5' 

15 terminal nucleotide. Oligonucleotides may also have sugar 
mimetics such as :y:lobutyl moieties in place of. the 
pent .of uranosyl sugar. Representative United States patents 
that teach the preparation of such modified sugar 
structures include, but are nit limited to, U.S. : 

2 0 4 , 931, 957; 5,1 18,800; 5,3 19,080; 5 , 3E 9, 044 ; 5,393,87 3; 
5,446,137; 5 , 4 6 0 , 7 8 6 ; 5,514,735; 5 , 519, 134; 5 , 5 6 7 , 3 1 1 ; 
5,576,427; 5,591,722; 5,597,909; 5,610,300; 5,627,053; 
5,6 3 9,37 3 ; 5,646,205; 5,658,373; 5,670,63 3 ; and 5,730,920, 
certain of which are commonly owned with the instant 

25 application, and each of which is herein incorporated by 
reference in its entirety. 

Oligonucleotides nay also include nutleobase ■ often 
referred to in the art simply as "base" 1 tiodifi tat ions r 
substitutions. As used herein, "unmodified" or "natural" 

20 nucle abases include- the purine bases adenine \A- and 

guanine O , and the pytrimidme rases thymine ' 7 , eye: sine 
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u ana uracn . Moa;::ea nuc^ecrases mc.uae c:::er 

syr:the::c and natural nucleobases sum as 5 -met hyl cy: :? i n 

2-amiricadenine, 6-:cechyl and ether alkyl derivatives c : 
5 adenine and guanine, 1 -propyl and ether alkyl derivatives 
■:£ adenine and guanine, 2-thiouracil, 2 -thiothymite ana 2 
t hiocy: os me , 5 - ha 1 ourac 1 1 and eyecsme, 5-prcpynyl urate 
and cytosine, 6-azo uracil, cytosme and thymine, 5-ur,= 
(pseudouracil) , 4 - c h iourac i 1 , 3 -halo, 8 -amino, 1 -thiol, 



10 thioalkyl, 3-hydroxyl and other 3 - subst i tuted adenines 



i i 
8 - 
nd 



guanines , 5 - ha 1 o parti cularly - bromo , 5 - t r i f 1 uorome t hy 1. 
and other 5 - subs 1 1 tut ed uracils and cycosines, 7- 
me thy 1 guanine and 7 - me thy laden me , 3-azaguanine and 8- 
azaadenine, 7 - deazaguanme and 7 - deazaadenine and 3- 
ie deazaguanme and 2 -deazaadenine . Further nucleobases 
include those disclosed in United States Patent No. 
3,687,803, those disclosed in The Concise Encyclopedia. Of 
Polymer Science And Engineering, pages E 58 -359, Kroschv/itz, 
J. I., ed. John Wiley & Sons, 1990, those disclosed by 
20 Engl isch et al . , Angewandte Chemie , International Edition, 
1991, 80, 613, and those disclosed by Sanghvi, Y.S., 
Chapter 15, An ti sense Research and Applications, paces /. 3 9 - 
3 02, Crooke, S.T. and Lebleu, 3. , ed . , CRC Press, 19 93. 
Certain of these nucleobases are particularly useful for 
25 increasing the binding affinity of the oligomeric compounds 
cf the invention. These include 5 - subst i tuted pyritid:::es, 
6 - azapyr irtidmes and N-2, N-6 and 8-6 substituted purm-s, 
including 2 - avmor ropy 1 aden me , 5-prctynyluracil and 1 - 
prop yny 1 cy t os i ne . 5 - methyl cyt cs me suns 1 1 1 ut i ens have r -en 
2 z snewn tc increase nucleic acid duplex stability by 1.6-'.. 2 1 
'Sanahvi, Y.S., Trcche, S.T. ana Lebleu, 3., eds . , 
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An ti sense Research and Applications, CRT Press, 5c c a • * :: , 
1993, pr. 2 76-2^3' ani are presently preferred base 
substitutions, even more part i rul arly when combined witu 
2 1 - O -met hoxyet hyl sugar modif i:at ions. 
5 Representative United States patents that tea oh tic- 

preparation of certain of the above noted modified 
nuodeobases as well as other modified nuoleobases include, 
but are not limited to, the above noted U.S. 3,687,838, as 
well as U.S.: 4,845,205; 5,130,302/ 5,134,066; 5,175,27-; 

10 5,357,056; 5,432,272; 5 , 4 5 7 , 1 5 7 ; 5,4 59,255; 5,484, '0 J 3 ; 
5,502,177; 5,525,711; 5,552,540; 5,587,469; 5,594,121, 
5,596,091; 5,614,617; and 5,631,941, certain of which are 
commonly owned with the instant application, and each of 
which is herein incorporated by reference, and United 

15 States patent 5,75C,692, which is commonly owned with the 
instant application and also herein incorporated by 
re ferenoe . 

Another modification of the oligonucleotides of the 
invention involves chemically linking to the 

20 oligonucleotide one or more moieties or conjugates which 
enhance the activity, cellular distribution or cellular 
uptake of the oligonucleotide. Such moieties include but 
are not. limited to lipid moieties such as a cholesterol 
moiety (Letsmger et al . , Pro- . Natl. Acad. Sci . USA, 1989, 

25 86, 6553 -6556), chclic acid (Maneharan et al . , Bicorg. Med. 
Chem. Let., 1994, 4, 1053-1060), a thooether, e.g., hexyl - 
8-trityithiol ^Manoharan et al . , Ann. N.Y. Acad. Sci., 
19 92, 66 0, 3 36- 309; Manoharan et ai . , Bioorg . Med. Cherr, . 
Let., 1993, 3, 2763-2770), a t hi o choi e s t erol (Oberhauser et 

2C al . , Nucl. Acids Res . , 1992, 20, 5 3 3-535,, an aliphatic 
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3ehT.jaras et al . , UMEO J. , 1991, 10, 1111-1118; Kafcancv et 
ai. , FEB S Lett., 1990, 259, 317-330; Svinarchuk et al . , 
Biochimi e, 1993, 75, 49-54^, a phospholipid, e.g., ai- 
hexadecyl - ra:-gly:er:l or t riethy I amnoouiam 1 , 2 --d :. -C- 
hexadecyl - ra 2 - gly :ero - 3 - H - phosphonat e ,'Manoharan e: al . , 
Tetrahedron Lett., 1995, 36", 3651-36E4; Shea et al . , Nucl . 
Acids Res., 19 90, IS, 3777 -37::) , a polyamme or a 
po Lyethyl ene glycol chain iManoharan et al . , Nucleosides & 
Nucleotides, 1995, 14, 969-973), or aaamantane acetic acid 
(Manoharan et al . , Tetrahedron Lett., 1995, 36, -631-36-4), 
a palmityl moiety (Mishra et al . , Biochini. Biophys . Acta, 
1995, 1264, 229-237), or an octadecyl amine or hexy 1 amino - 
carbonyl -oxyciiolesterol moiety (Crooke et al . , J. 
Pharmacol. Exp. Ther . , 1996, 277, 923-937. 

Representative United States patents that teach the 
preparation of such oligonucleotide conjugates include, but 
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ins rant: application, and earn if which is herein 
incorporated by reference. 

It is not necessary for all positions in a giver 
compound to be uniformly modified, and in fact more than 
5 ore of the aforementioned modi f i cat 1 ons may be incorporated 
in a single compound or even at a single nucleoside wit:: in 
an oiigD nu c 1 e o t i de . The present i nve n 1 1 on a 1 s o i n c 1 u d e s 
antisense compounds which are chimeric compounds . 
"Chimeric" antisense compounds or "chimeras, 11 in the 

10 context of this invention, are antisense compounds, 

particularly oligonucleotides, which contain two or more 
chemically distinct regions, each made up of at least one 
monomer unit, i.e., a nucleotide in the case of an 
oligonucleotide compound. These oligonucleotides typi cally 

is contain at least one region wherein the oligonucleotide is 
modified so as to confer upon the cligonucleoride increased 
resistance to nuclease degradation, increased cellular 
uptake, and/or increased binding affinity for the target 
nucleic acid. An additional region of the oligonucleotide 

20 may serve as a substrate fc-r enzymes capable of cleaving 

RXA : DNA or RXA : RXA nyor ids . By way o f examp 1 e , RXase H i s 
a cellular endonu c 1 ease which cleaves the RXA strand ot an 
RNA : DXA duplex. Activation of RXase H, therefore, results 
in cleavage of the RNA target, thereby greatly enhance no 

25 the efficiency of oligonucleotide inhibition of gene 

expression. Consequently, comparable results can often he 
obtained with snorter oligonucleotides when chimeric 
oligonucleotides are used, compared to phosr ho rot h i c a t e 
deoxyol igonuc ieoc l des hybridizing to; the same target 

i o region. Cleavage of the RXA target can be routinely 
detected hy gel electrophoresis and, if necessary, 



as; 
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acid hybridiza: i; 



t e :r 4 n: ques 



Chi'^eri: a::: : sense compounds of :he :nven:icr. T.ay ; e 
formed as : jmposite structures of two or" more 
5 aliq jnu:lejt lies, m edified ol :gonu:Iect ides, 

i' 1 igonu o le os i des and /or oligonucleotide mi me tics as 
described above. Such compounds have also* been referred to 
in the art as hybrids or gapmers . Representative United 
States patents that teach the preparation of such hybrid 
_o structures include, but are not limited t c , U.S. : 



5,013,830 
5 , 4 0 3 , 7 1 1 
5, ^52, 3 56 



5,149,707; 5,220,007; 5,250,775 ; 5,300, 3 7 E- ; 
5,401,153; 5,565,350; 5,623,065; 5 , 652 , 35: ; 
and 5,700,022, certain of which are commonly 
owned with the instant application, and each of which is 
is herein incorporated by reference m its entirety. 

The ant i sense compounds used in accordance with this 
invention may be conveniently and routinely made through 
the well-known technique of solid phase synthesis. 
Equipment for such synthesis is sold by several vendors 
20 including, for example, Applied Biosystems (Foster City, 
C A 'i . Any ether means for such s yn thesis known i n t h e a r t 
may additionally or" .alternatively be employed. It is well 
known to use similar techniques to prepare oligonucleotides 
such as the phc sphere t hioat es and alkylated derivatives. 
25 The antisense compounds cf the invention are 

synthesized in vitro and do not include antisense 

.s cf hielcaical origin, or genetic vector 
designed to direct the in vivo synthesis of 
antisense molecules 

encapsulated, conjugated or othe: 



:oirc sit: 
instruct 



o e a ; 
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mole rules, molecule structures or mixtures of compounds 
fc-r example, Iipcsj^es, receptor targeted molecules, or 
rectal, topiral or other fomul ations, f :>r assisting ::: 
uptake, ai st riot: i or. arid/rr ibsorprio::. Repres-r:EO:ve 
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which is herein ircorporated by reference. 

is The antiser.se rompounds of the invention ericomp>ass 

pharmaceutical ly acceptable salts, esters, or salts of h 
esters, or any other compound which, upon admin: st rat i c: 
an animal including a human, is cap-able of providing 
(directly or indirectly) the biologically active metabo 

20 or residue thereof. Accordingly, for example, the 

disclosure is also drawn to prodrugs and pharmaceutical 
acceptable salts of the compounds of the invention, 
pharmaceut ical ly acceptable salts of surri prodrugs, and 
other b loequi va 1 ent s . 

25 The term "prodrug" indicates a therapeutic agent t 

is orebared in an inactive form that is converted tc an 
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n to 

lite 
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active form (i.e., drug) within the ho 
y.^r action if endogenous enzymes . ! 

oditiihs . In particular, pre 
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the methods disclosed m WO 92/24511 3cssel;:: e: al . , 

published Teeemner 9, 1993 or in WC 94 ''26764 to hiba::: --t 
al . 

The term " pnarmaceut i cai ly acceptable salts" refers to 
5 physiologi :a 1 iy and pnarmaceut i :a 1 1 y acceptable salts ;.: 

the compounds of the invent i.:n: i.e., salts that retain the 
desired biological activity cf the parent compound and :o 
net impart undesired toxicol eg icai effects thereto. 

Pharmaceut l cai ly acceptable base addition salts are 
10 formed with metals or amines, such as alkali and alkaline 
earth metals or organic amines. Examples of metals used as 
cations are sodium, potassium, magnesium, calcium, and the 
like. Examples of suitable amines are 

N, N » -dibenzyl ethylenedi amine , chloropro caine , ched irie , 

is di ethane 1 amine , di eye lohexyl amine , et hy 1 ene diamine , 

N - methyl glue amine , and procaine (see, for example, Berge et 
al . , "Pharmaceutical Salts," J. of Pharma. Sci . , 1977, 6 6, 
1-19) . The case addition salts of said acidic compounds 
are prepared by contacting the free acid form with a 

20 sufficient amount of the desired base to produce the salt 
in the conventional manner. The free acid form may be 
regenerated by contacting the salt form with an acid and 
isolating the free acid in the conventional manner. The 
free acid forms differ from their respective salt forms 

25 somewhat in certain physical properties such as solubility 
in polar solvents, out otherwise the salts are equivalent 
to their respective free acid for purposes of the present 
invention. As used herein, a "pharmaceutical addition 
salt" includes a pharma ceut i cai ly acceptable salt of an 

o acid form cf one of the components of the compositions f 
the invention. These include oraamc or moraani c acid 



sains cf the amines. Preferred a::d sains are the 
hycirc :llor:ies, a:e:a:es, salicylates, nitrates and 
phcsp hat es . On he r sum able pharma :eu: ical ly acceptable 
sains are well known to those skilled 1:1 the art and 
5 include basic salts cf a variety of inorganic and organic 
acids, such as, fcr example, with inorganic acids, such as 
for example hydrochloric acid, hydrobr omi c acid, sulfuric 
acid or phosphoric acid; with -organic carboxylic, sulfonic, 
sulfo or phospho acids or N - subs t 1 cut ed sulfamic acids, for 

10 example acetic acid, propionic acid, glycolic acid, 
succinic acid, maleic acid, hydroxyma 1 e 1 c acid, 
methy lmal e ic acid, fumaric acid, malic acid, tartaric acid, 
lactic acid, oxalic acid, gluconic acid, glucaric acid, 
glucuronic acid, citric acid, benzoic acid, cinnamic acid, 

15 mandelie acid, salicylic acid, 4 - aminosa 1 1 cy 1 ic acid, 

1 -phenoxybencoic acid, 2 - acen oxybenzo 1 c acid, embonic acid, 
nicotinic acid or 1 soni cot ini c acid; and with ammo acids, 
such as the 10 al pn 51 - amino acids involved m the synthesis 
of proteins m nature, for example glutamic acid or 

20 aspartic acid, and also with phenylacetic acid, 
met hanesul f oni c ac id , ethanesul f onio ac i d , 

1 - hydrc'xyethanesu 1 f oni c acid, ethane -1,2-disul f oni c ac id , 
benzenesn 1 f on i c acid, 4 -me thy lbenzenesu 1 f 01c acid, 
naput ha lene - 2 - sul f oni c acid , naphtha 1 ene - 1 , 5 - di su 1 f oni c 

25 acid, 2- or 3 - phc sphog 1 yce rat e , glucose - 6 - phosp-hat e , 
N-cyclohexylsul f ami c acid (with the formation cf 
cyrlamates) , or with other acid organic compounds , si;::: as 
a s c o r b 1 c a c 1 d . Ph a rma c eutically acceptable salts of 
ccuvpiuicds may also ce prepared with a pharmaceutical!"/ 

iz acceptable cation. Suitable pharma ceut 1 cal iy acceptable 

cations are well known to those skilled m the art and 
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include alkaline, alkaline earth, ammonium and quaternary 
ammonium cations. Carbonates or hydr:gen carbonates hi-- 
alsc possible . 

For oligonucleotides, preferred examples cT 
5 pharmaceutical!'/ acceptable salts include but are not 

limited to (a) salts formed with cat i ens such as sodium, 
potassium, ammonium, magnesium, calcium, polyammes sue:: as 
spermine and spermidine, etc.; (b) acid addition salts 
formed with inorganic acids, for example hydrochloric acid, 

10 hydrobromic acid, sulfuric acid, phosphoric acid, nitric 
acid and the like; (c) salts formed with organic acids 
such as, for example, acetic acid, oxalic acid, tartaric 
acid, succinic acid, maleic acid, fumaric acid, gluconic 
acid, citric acid, malic acid, ascorbic acid, benzoic acid, 

15 tannic acid, palmitic acid, alginic acid, polyglutamic 
acid, napht hal eiiesul f onic ac id , met hanesul fonic acid, 
p - toluenesul f onic ac i d , napht ha 1 enedisul fonic acid , 
polygal a ct uroni c acid, and the like; and (d) salts formed 
from elemental anions such as chlorine, bromine, and 

20 io'dine . 

The antisense compounds of the present invention can 
be utilized for diagnostics, therapeutics, prophylaxis and 
as research reagents and kits. For therapeutics, an 
animal, preferably a human, suspected of having a disease 

0 5 or disorder which can be treated by modulating the 
expression of FT3K p35 is treated by administering 
antisense compounds in accordance witn this invention. The 
compounds of cue invention can be utilized in 
pharmaceutical compositions by adding an effective amount 

30 of an antisense compound to a suitable pharmaceut i c a 1 1 y 
acceptable diluent or carrier. Use of the antisense 




c r c t: hy I a ? 1 1 c a 1 1 y , e.g. , to prevent: or delay mfectic::, 
inflammation or tumor formation, for example. 

The antrsense compounds of the invention are use::;.- 



5 for research and diagnostics, because tnese compounds 
hytridize to nuoleio acids encoding PI3K p35, enabling 
sandwich and other assays to easily be constructed to 
exploit this fact. Hybridization of the ant 1 sense 
oligonucleotides of the invention with a nucleic acid 
10 encoding PI3K p35 can be detected by means known in the 
art. Such means may include conjugation of an enzyme to 
the oligonucleotide , radiolabel 1 ing of the ol igonucieot ide 
or any other suitable detection means. Kits using such 
detection means for detecting the level of PI3K p3 5 in a 
is sample may also be prepared. 

The present invention also includes pharmaceutical 
compositions and formulations which include the antisense 
compounds of the invention. The pharmaceutical 
compositions of the present invention may be administered 
20 in a number of ways depending upon whether local or 
systemic treatment is desired and upon the area to be 
treated. Administration may be topical (including 
ophthalmic and to mucous membranes including vaginal and 
rectal delivery) / pulmonary, e.g., by inhalation or- 
es insufflation of powders or aerosols, including hy 
nebulizer; intratracheal, intranasal, epidermal and 
transdermal), oral or parenteral. Parenteral 
administrating includes intravenous, intraarterial, 
subcutaneous, i nt r ape r 1 1 one a 1 or intramuscular injection or 
3 0 infusion; or intracranial, e.g., intrathecal or 
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least one 2 ' -O-methcxyethyl :::: :.: :: are believe:: t' 
particularly useful fcr oral administration. 

Pharmaceutical compositions and formulations fcr 
topical admmistrat ic n may include transdermal patches, 
ointments, lotions, creams, gels, drops, suppositories, 
sprays, liquids and powders. Conventional pharmaceutic, 1 
carriers, aqueous, powder or oily bases, thickeners ana 



like may be necessary or desirable 



like may also' be useful 



ea conaoms , g ^ :ve s 



:»n 



1.0 Composit ions and formulations for oral administrat 

include powders or granules, suspensions or solutions in 
water or non-aqueous media, capsules, sachets or tablets. 
Thickeners, flavoring agents, diluents, emulsifiers, 
dispersing aids or binders may be desirable. 

is 'tempo s i t ions and formulations for parenteral, 

intrathecal or intraventricular administration may induce 
sterile aqueous solutions which may also contain buffers, 
diluents arid other suitable additives such as, but root 
limited to, penetration enhancers, carrier compounds and 

20 other pharmaceut ically acceptable carriers or exeipients. 

Pharmaceutical compositions of the present invention 
include, but are net limited to, solutions, emulsions, and 
1 i posome - c one a rnmg f ormulat ions . These compos i t ions may 
be generated from a variety of components that include, but 

25 are not limited to, preformed liquids, sel f -emulsifying 
sod ids and self- emuis l f ying semi sod ids . 

The pharmaceutical formulations of the present 
invention, which may conveniently be presented in on; it 
dosage form, may re prepared according to conventional 
techm cues well onov;n in the pharmaceutical 
techniaues include the sten of brmaina ire 
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the active ingredients with the pharmaceutical carrier c 
or exucient s . In general the formulations are prepared 
by uniformly and intimately bringing mtc association the 
active ingredients with liquid carriers cr finely divided 
5 solid carriers or both, and then, if necessary, shaping the 
product . 

The compos i t 1 ons of the present invention may be 
formulated in: o any of many possible dosage forms such as, 
but not limited to, tablets, capsules, liquid syrups , soft 

10 gels, suppositories, and enemas. The compositions of the 
present invention may also be formulated as suspensions in 
aqueous , non-aqueous or mixed media. Aqueous suspensions 
may further contain substances which increase the viscosity 
of the suspension including, for example, sodium 

is carboxymethyl ce 1 lul ose , sorbitol and/or dextran. The 
suspension may also contain stabilizers. 

In one embodiment of the present, invention the 
pharmaceutical compositions may be formulated and used as 
foams. Pharmaceutical foams include formulations such as, 

20 but not limited to, emulsions, micro-emulsions, creams, 

jellies and liposomes. While basically similar in nature 
these formulations vary in the components and the 
consistency of the final product. The preparation of such 
compositions and formulations is generally known to those 

25 skilled in the pharmaceutical and formulation arts and may 
be applied to the formulation of the compositions of the 
present invention. 



r.mui si ons 

The ocmposit i 
nreoared and f crmu 



ons of the present invention may 
lated as emulsions. Emulsions a: 



- 30 - 

:r jaencus systems 



another in the form of droplet. 



:a:.v neterjaencus systems or one _iquin aisperse:: 

isually exceeding 1.1 ... 
diameter. (Ids in, in Pharmaceutical Dosage Forms, 
Lieberman, Rieger and Banker (Eds.) , 1988, Marcel L0ehhe 
5 Inc., New York, N.Y., volume 1, p> . 199; F.osoff, m 

Pharmaceutical Dosage Forms, Lieberman, Eieger and Bank 
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., Yolu 
1, p. 245; Bloik in Pharmaceutical Dosage Forms, Lieber 
Rieger and Banker (Eds.), 1988, Marcel Dekker, Inc., Ne 
10 York, N.Y., volume 2, p. 3 3 5; Higuchi et al . t in 

Remington's Pharmaceutical Sciences, Mack Publishing Co 
Easton, PA, 1985, pi. 301). Emulsions are often biphasi 
systems comprising of two immiscible liquid phases 
intimately mixed and dispersed with each other. In 
is general, emulsions may be either water-in-oil (w/o) or 
the oil-in-water (o/w) variety. When an aqueous phase 
finely divided into and dispersed as minute droplets in 
bulk oily phase the resulting composition is called a 
water- in-oil (w/o) emulsion. Alternatively, when an oi 
20 phase is finely divided into and dispersed as minute- 
droplets into a bulk aqueous phase the resulting 
composirion is railed an oil-in-water (o/w) emulsion. 
Emulsions may contain additional components in addition 
the dispersed plnases and the active drug which may re 
25 present as a solution in either the aqueous phase, cily 
phase or itself as a separate phase. Pharmaceutical 
excipuents sucn as emulsifiers, stabilizers, dyes, and 
antioxidants may also be present m emulsions as neeoe 
Pharma :eu: i :al emulsions may also re multiple emulsions 
s: that are comer ised cf more than two chases su:h as, for 
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war er - in - o : I - i:: - war e r w/ z /w emulsions. Su:h complex 
f ormul i ons often prcviie certain advantages titan si nit 
jomaitv emulsions dn not . Mul t itle emulsions in which 
individual oil droplets of an o>/w emulsion enolise smal 
5 water droplets o institute a w/o/w etiulsion. Likewise a 
system of oil droplets enclosed in globules of water 
stabilized in an oily oont innons provides an o/w/o< 
emu 1 s i on . 

Emulsions are tharacterized by little or no- 
lo thermodynamic stability. Often, the dispersed o»r 

disconnnuous phase of the emulsion is well dispersed i 
the external or continuous phase and maintained in this 
form through the means of emulsifiers or the vistosity 
the formulation. Either of the phases of the emulsion 
is be a semi sod id or a se>lid, as is the case of emulsion- s 
ointment hases and creams. Other means c<f stabilizing 
emulsions entail the use c-f emulsifiers that may be 
in:c rporated into- either phase of the emulsion. 
Emulsifiers may broadly be classified into four oat ego i 
20 synthetic surfactants, naturally occurring emulsifiers, 
absorption bases, and finely dispersed solids ( lison, i 
Pharmaceutical Dosage Forms, Lieberman, Rieger and Bank 
(Eds.), 1988, Marcel Dekker, Inc., New York, N.Y., volu 
1 , p . 19 9). 

2 5 Synthetic surfactants, also known as surface activ 

agents, have found wide applicability in the formuiatio 
emulsions and have been reviewed in the literature . Ri< 
m Pharmaceutical lies age Forms, Lieberman, Rieger and 
Banker Eds.;, 1988, Marcel Dekker, Inc., New York, NR 

- o voRume 1, o. 2 8 5 ; Idson, in Pharmaceutical Dosage For: 
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New Yoik, :;.Y., 1988, volume 1, p. 199 . 3urfa::a:::s a 
:yp: rally amp hi phi 1 i c and comprise a hydroch:!:: and a 
hydrophobic pert ic:; . The rat:: of the hydrophi lie :c r 
hydrophobic nature of the surfactant has been termed in 
5 hydrcphi le/ 1 i pop'hi le balance (HLE. ) an: is a valuable to 
in categorizing and selecting surfactants m the 
preparation of formulations. Surfactants may be class: 
into different classes based on the nature of the 
hydrophi 1 i c group: nonionic, anionic, rat ionic and 

io amphoteric (Rieger, m Pharmaceutical Dosage Forms, 

lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekke 
I no . , New York , N . Y . , volume 1 , p . 2 5 c ) . 

Naturally occurring emulsifiers used in emulsion 
formulat ions include lanol in, beeswax, phosphat ides , 

is lecithin and acacia. Absorption bases possess hydrophi 
properties such that they can soak up water to form w/o 
emulsions yet retain their semisolid consistencies, sue: 
anhydrous lanolin and hydrophi lie petrolatum. Finely 
divided solids have also been used as good emulsifiers 

20 especially in combination with surfactants and in visce 
preparations. These include polar inorganic solids, su 
as heavy metal hydroxides, nonswe 1 1 mg clays such as 
bent cnite, at t apulg ite, hector i te , ka c 1 i n , mont mor ill on 
colloidal aluminum silicate ani ccllccdal magnesium 

25 aluminum silicate, pigments ana ncnpolar solids such as 
rarben or glyceryl tristearate. 

A large variety of non-emulsifying materials are a 
included m emulsion formulat: :ns and contribute to the 
properties of emulsions. These include fats, oils, wax 



r^-lccK, m Pharm^c euc i c a I Dosage Forms, Liebermaii, • • • : 

ana Banker : Eds . , 1988, Marcel Dekker, Inc., tTew Yrrk, 
N . Y . , volume 1, p. 3 3 5 ; Id son, in Pharma :eu t i c a I 3csaje 
Fo r/7?s , L:ebe r rr.a n , Rieger a nd Banker {Eds. ) , 1988, Ma r c e 1 
5 I'ekker, I no. , I Tew York, N.Y. , vclume 1, p. 199 > . 

Hydroph 1 1 ic c jlicids or hydroco Iloids i nclude 
naturally occurring gums and synthetic polymers such as 
polysaccharides i f or example, acacia, agar, algiroc acid, 
oarrageenan, guar gum, karaya gum, and t ragaeant h ) , 

i o cell ul ose derr.u: ives (for example , o a rboxyme t hy 1 eel lul se 
and carboxyprop'y Ice 1 lulose ) , and synthetic polymers (for 
example, carbomers, :el lulose ethers, and carboxyvinyl 
polymers) . These disperse c-r swell in water to form 
colloidal solutions that stabilize emulsions by forming 

is strong i nt er f ac i a 1 films around the di spersed -phase 

droplets and by increasing the viscosity of the external 
phase . 

Since emulsions often contain a number of ingredients 
such as carbohydrates, proteins, sterols and phosphatides 

20 that may readily support the growth of microbes, these 
formula: ions often incorporate preservatives. Commo>nly 
used preservatives included in emulsion formulate ons 
include methyl paraben, propyl paraben, quaternary ammonium 
salts, bene alkonium chloride , esters of p -hydroxybenzoo c 

C5 acid, and boric acid. Antioxidants are also- commmly aided 
to emulsion formulations to prevent deterioration of on- 
formulation. Antioxidants used may be free radical 
scavengers such as tocopherols, aloyl gal I at es, butyl at --d 
hydroxyan :s:le, bu ty 1 at ed hydroxy to; 1 uene , or re due o ng 
agents such as ascorbic acid and sodium met abi sul f i t e , uid 
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antioxidant: sy::erg:s:s su:h as citric acid, tartaric • . : , 
and >::::nn. 

The application of emulsion f crti at ions via 
de rmat oi c^g: oai , oral and parenteral rentes and methods r 
5 their manufacture have neen reviewed m the literature 

( Idson, m Pharmaceutical Dosage Forms, Lieberman, Rieger 
and Banker (Eds.), 1988, March Lekker, Inc. , New York, 
N.Y., 'volume 1, p. 19?) . Emulsion f ormulations for oral 
delivery have beer: very widely used beoause of reasons of 

10 ease of formulation, efficacy from an absorption ana 
bioavailability standpoint . (F.osof f , in Pharmaceut i c a I 
Dosage Forms, Lieberman, Rieger and Banker (Eds.) , 1988, 
Marcel Dekker, Inc., New York, N.Y., volume 1, p. 24 5; 
Idson, in Pharmaceutical Dosage Forms, Lieberman, Rieger 

is and Banker (Eds.), 1988, Marcel Lekker, Inc., New York, 

N.Y., volume I, p. 1=*9.) . Mineral - oil base laxatives, cil- 
soluble vitamins and high fat nutritive preparations are 
among the materials chat have commonly been administered 
orally as o/w emuisi jns. 

20 In one embodiment of the present invention, the 

eompO'Sit ions of oligonucleotides and nucleic acids are 
formulated as mi .croemu 1 s ions . A microemulsion may be 
defined as a system of water, oil and amphiphile which is a 
single optically isotropic and the rmodynamic a 1 ly stable 

25 liquid solution (Rosoff, in Pharmaceutical Dosage Forms, 
Lieberman, Rieger and Banker (Eds.), 1988, Marcel Dekker, 
In::. , New York, N.Y. , volume 1, p. 245; . Typically 
mi c roemul s icons are systems that are prepared by first 
dispersing an oil on an aqueous surfactant solution ?,nd 

iz then adding a sufficient amount of a fourtn component, 
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t IT a 11 S TO a r e n t S V S t e T. . Therefore, UO 1 C r O 1 e W iSlC'HS ha v e a _ s 

been described as c herxodynarr. i cal ly stable, i so: rep i o a L ~ y 
:lear dispersions cf two im;:scitle liquids that are 
stabilized by noterfacial films of surface-active molecules 
5 (Leung and Shan, in: Controlled Release of Drugs: Polymers 
and Aggregate Systems, Rosoff, M . , Ed. , 1989, VCH 
Publishers, New York, pages IE 5-215) . M L croemu 1 s ions 
commonly are prepared via a combination of three to ire 
components that include oil, water, surfactant, 

10 cosur f a r cant and electrolyte. Whether the microemulsion is 
of the water- in- oil (w/o) or an oil-m-water (o/w) type is 
dependent on the properties of the oh and surfactant used 
and on the structure and geometric packing of the polar 
heads and hydrocarbon tails of the surfactant molecules 

is (Schott, in Remington's Pharmaceutical Sciences, Mack 
Publishing Co., Easton, PA, 1985, p. 271). 

The phenomeioc 1 og ieal approach utilizing phase (diagrams 
has been extensively studied and has yielded a 
comprehensive knowledge, to- one skilled in the art, of now 

20 to formulate microemulsions (Rosoff, m Pharmaceutical 
Dosage Forms, Lieberman, Rieger and Banker (Eds.), 1988, 
Marcel Dekker, Int., New Yo-rk, N.Y., volume 1, p. 2-45; 
Block, in Pharmaceutical Dosage Forms, Lieberman, Rieger 
and Ranker (Eds. J, 1988, Marcel Dekker, Inc., New York, 

05 N.Y., volume 1, p. 535) . Compared to tonvent iona 1 
emulsions, misroemulsions offer the advantage of 
solubilizrnq water unsoluble drugs in a formulation of 
t hermcdynami cal ly stable droplets that are formed 
spent aneously . 

include, but are net limited to, ionic surfactants, uon- 




to: Ivqlycer c 1 fa:: y ? t :id esters, :etraaly:erc 1 :r:r.:laur:^e 
(ML3 1I) , tetraglycer ?1 T.jnooleate (MO310 1 , hexaglyc-rrcl 
inc:;o:Ieate (PCoIC ' , hexaglytercl pen: aclea:e (PO50C. , 
5 dec ag I y o e re- 1 m :n: c ap r ace ( XCA7 r I ) , de :: ag 1 y :erol men :cl e .a : e 
; M : 7 5 0 ; , decaglyrernl sequioleate (3O750) , decagiyeerol 
deraoleate f E'A07 E 0 ; , alone or in romoiniuon with 
:osurfa::ar.:.s. The : tsurfa::^::: , visually a short - cha in 
al rohol such as etnanol, 1-propanol , and 1- but and, serves 

io to increase the m: er facial fluidity/ by r penetrating into 

the surfactant film and consequently creating a disordered 
film because of the void space generated among surfactant 
molecules . Mi rroemul sions may, hov;ever, be prepared 
without the use of rosur fact ant s and alcohol -free self - 

15 emulsifying mi oroemul s ion systems are known in tne art. 

The aqueous phase may typically be, but is not limited to, 
water, an aqueous solution of the drug, glycerol, PEG300, 
PEG4 0C , polyglycerol s , propylene glycols, and derivatives 
of ethylene glycol. The oil phase may include, out is root 

20 limited to, materials such as C apt ex 3 0 0, Captex 3E5, 

Capmul MCK, fatty acid esters, medium chain (CS-C12) mc::o , 
di , and t r i - g lycer ides , po lyoxye thy 1 a t ed glyceryl fatty 
a rid esters , f at ty al sohols , polygly col. ized gly cerides , 
s aturated poiygiycol l zed C8 -Til giycendes , vegetable c 1 s 

0 5 and si 1 i cone oil. 

Microemulsicns are particularly of interest from the 
standpoint of drug solubilization and the enhanced 
absorption of drugs. Lipid based mi c rc emu Is ions lor /w 
and w/o have joe en proposed to enhance tne oral 

*c bioavailability of drugs, including peptides 

; ' I o n s t a n 1 1 n i d e s e t a 1 . , Ph a ioma ceutical Research , 19 9 4, .' 0 , 
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13 85-13 9 3; Ritschel, Meth. Find. Exp. Clin. Pharrr.ac c 1 . , 
1993, 12, 205 . Xicrcemulscoris afford advantages of 
irr.prcved drug solubilization, pretention of drug from 
enzymatic hydrolysis, possible ethatoeten: of drug 
5 absorption due t :■ sur f ac t ant - i nduoed alterations in 

membrane fluidity and permeability, ease of preparation, 
ease of oral .administration ever solid dosage forms, 
improved clinieal peteney, and decreased toxicity 
(Constant inides et ai., Pharmaceutics! Research, 1994, 11, 

10 1335; Ho et al . , J . Pharm. Sci. f 1996, &5, 133-143). Often 
mi croemul sions may form spontaneously when their components 
are brought together at ambient temperature. This may be 
part icularly advant ageous when formula: ing t hermolabi 1 e 
drugs , pep t ides or ol igonuc 1 eot ides . Mi c roemuls ions have 

is also been effective in the transdermal delivery of active 
components in both cosmetic and pharmaceutical 
applications. It is expected that the microemulsion 
compositions and formulations of the present invention will 
facilitate the increased systemic absorption of 

20 oligonucleotides and nucleic acids from the 

gastrointestinal tract, as well as imp. rove the local 
cellular uptake of oligonucleotides and nucleic as ids 
within the gastrointestinal tract, vagina, buccal cavity 
and other areas of administration. 

25 Mieroemuisions of the present invention may also 

contain additional components and additives such as 
s o r b 1 1 a n m o no stearate (Grill 3 ] , Lab r a s o 1 , and p e ne t r a t" : o n 

f- - ; e n a e e *~ ^ ^ abse : v o 1 1 " ,r i ~ ; *~ t^e oiicrcruc — eo tides a n u 
\z nucleic acids of the present invention. Penetration 
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invention may be classified as belonging to one of five 
broad :a:egories - surfactants, fatty acids, bile salts, 
chelating agents, ani non- chelat mg non - surf act ant s .le- et 
al . , Critical Reviews in Therapeutic Drug Carrier Systems, 
5 1991, p. 92) . Each of these classes has been discussed 
above . 

Liposomes 

There are many organized surfactant structures besides 
mi croemulsions that have been studied and used for the 

10 formula: ion of drugs. These include monolayers, micelles, 
bi layers and vesicles. Vesicles, such as liposomes, nave 
attracted great interest because of their specificity and 
the duration of action they offer from the standpoint of 
drug delivery. As used in the present invention, the term 

is "liposome" means a vesicle composed of amphophilic lipids 
arranged in a spherical bi layer or bi layers. 

Liposomes are unilamellar or multilamellar vesicles 
which have a membrane formed from a lipophilic material and 
an aqueous interior. The aqueous portion contains the 

20 composition to be delivered. Cationic liposomes possess 

the advantage of being able to fuse to the cell wall. Non- 
cat ic-nit liposomes, although not able to fuse as 
efficiently with the cell wa 11, are t a ke n up by ma c r op h a ges 
in vivo. 

2 5 In 'order to cross intact mammalian skin, lipud 

vesicles must pass through a series of fine pores, each 
with a diameter less than 5 0 nm, under the influence of a 
suitable transdermal gradient. Therefore, it is desirable 
to use a liposome which is highly defcrmable and able t 

3 0 pass through such fine tores. 




obtained f ron natural phosphi-lrpids are biocompatible and 
z ic degr adabi e ; liposomes can incorporate a wide mnge c :: 
water and lipid soluble drugs; liposomes can protect 
5 encapsulated drugs in their internal comp a r t nnent s from 
metabolism and ie^radation (R:»sof f , in Pharmaceutical 
Dosage Forms, Lieberman, Rieger and ranker (Eds.) , 1988, 
Yaroel Dokker, I no. , New York, N.Y. , volume 1, p. 245' . 
Important considerations m the preparat ion of liposome 

10 formulations are the lipid surface charge, vesicle size and 
the aqueous volume of the liposomes . 

Liposomes are useful fc>r the transfer and delivery of 
active ingredients to the site of action. Because the 
liposomal membrane is structurally similar to biological 

:5 membranes, when liposomes are applied to a tissue, the 

liposomes start to merge with the cellular membranes. As 
the merging of the liposome and cell progresses, the 
liposomal contents are emptied into the cell where the 
active agent may act. 

20 Liposomal formulations have been the focus of 

extensive invest igat ion as the mode cf delivery fo>r many 
drugs. There is growing evidence that for topical 
admmi st rat ion , 1 ipo somes present several advantages over 
ether formulations. Such advantages inoiude reduced side- 

25 effeots related to high systemic arscrpoion of the 
administered drug, increased accumulation of the 
administered drug at the desired target, and the ability to 
administer a wide variety of drugs, noth hydrophilic an u 
hydrophobic, into the skin. 

30 Several reports have detailed the ability cf lipcsrmes 

to deliver acre rots include no hi ah - mo ie cul ar we i ant HXA into 



the ski i".. Z jnpi junas including analgesias, antibodies, 
hormones and hi gh - - o 1 ecul a r weight. ?XAs nave been 
ahmistered :c the skin. The majority of appu i oat i ooos 
resulted in the targeting of the upper epidermis. 
5 Liposomes fall into two broad classes. Cat ionic 

liposomes are positively charged liposomes which interact 
with the negatively oharged DNA molecules to form a stable 
ocmpdex. The positively charged 1NA/1 iposome complex rinds 
to the negatively oharged cell surface and is internalized 

10 in an erdosome. Due to the acidic pH within the endosome, 
the lip jsomes are ruptured, releasing their contents into 
the cell cytoplasm (Wang et al . , Biochem. Biophy r s. Res. 
Conmun. , 1987, 147 , 9 80-985). 

Liposomes which are pH- sensitive or 

15 negatively-charged, entrap DNA rather than complex with it. 
Since both the DNA and the lipid are similarly charged, 
repulsion rather than complex formation occurs. 
Nevertheless, some DNA is entrapped within the aqueous 
interior of these liposomes. pH- sensitive liposomes have 

20 been used to deliver DNA encoding the thymidine kinase gene 
to cell monolayers in culture. Expression of the exogenous 
gene was detected in the target cells (Zhou et ai . , Journal 
of Controlled Release, 1992 # 19, 269-274). 

'one major type of liposomal composition includes 

25 phospholipids other than naturally-derived 

phosphatidylcholine. Neutral liposome ccmpO'S i t ions , tor 
e x a mp 1 e , van be f c r me d from d i my r i s t oy 1 phosphat : ay 1 c h o line 
i'EXFC) or dipaimitoyl phosphatidylcholine (D?FC.) . Anionic 
liposome oo mp o s i t i ons generally are formed from dimyristoyl 

iz phosphat idylglycerc 1 , while anionic fusogemc liposomes are 
formed pr imar i ly f rev: dioleoyl phosphat i dyie than cl amine 



7\ ^ 
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■ f Liposomal 



from phcsphar :dyIc:::L::;e (PC such as, for example, s y; ea:: 
PC, and egg PC. Another typo is formed from mixtures or 
ph osphol ipid and/or ph'jspha: idyl :hol i:;e and/ or :l:les:e:ol . 
5 Several studies have assessed the t epical delivery of 

lip jsomal drug formulations to the skin. Application c: 
liposomes containing interferon to guinea, pig srem resulted 
in a reduction of skin herpes sores while delivery of 
interferon via other means (e.g. as a solution or as an 

10 emulsion) were ineffective (Weiner et al . , Journal of Drug 
Targeting, 1992, 2, 405-41C). Further, an additional study 
tested the efficacy of interferon administered as par: of a 
liposomal formulation to the administration of interferon 
using an aqueous system, and concluded that the liposomal 

05 formulation was superior to aqueous administration { du 
Plessis et al . , Antiviral Research, 1992, 1 8 , 259-265). 

Non- ionic liposomal systems have also been examined to 
determine their utility in the delivery of drugs to the 
skin, in particular systems comprising non-ionic surfactant 

cc and cholesterol . Non-ionic liposomal formulations 
comprising Novasome' M I (glyceryl 

di 1 aurate/chol est erol /po 1 yoxy ethyl ene -10- stearyl ether and 
Ncvasome' v II (glyceryl distearate/ 

choleste ro 1 /p olycxye t hy lene - 1 0 - stearyl et her ) were usee to 
25 deliver eye 1 ospor i n - A into the dermis of mouse skin. 

Results indicated that such ncn-ionic liposomal system:? 

were effective in facilitating the deposition of 

cyclosporm-A into different layers of the skin Hu et ;1. 

S . T . P . Ph a rrria . Sci . , 1994, 4, 5, 466 . 
iz Liposomes also include "sterically stabilized" 

li co somes, a term v;hich, as used herein, refers tc 



I ip : s j^es rompr i s i :;g one or more specialized lipids tha~ , 
when incorporated :::: j 1 ip'Osoces, result m enhanced 
circulation lifetimes relative to I ipcsoines lacking seen 
specialized lipids. Examples if sterocaily stabilized 
5 liposomes are those m which cart of the vesicle-fortio;! 
lipid port ion of the liposome (A) comprises one or more 
glycol ip> ids , such as monos ial og ang 1 1 os ide G y . : , or ;B' is 
derivat i zed with cote or mo-re nydropni I i: polymers, such as 
a polyethylene glyrol (PEG) moiety. While not wishing * o 

10 be bound by any particular theory, it is thought in one art 
that, at least for sterically stabilized liposomes 
containing gang 1 ios ides , sphingomyelin, or PEG - derivat i zed 
lipids, the enhanced circulation half-life of these 
sterically stabilized liposomes derives from a reduced 

15 uptake into cells of the reticuloendothelial system {RE^) 
(Alien et al . , FEBS Letters, 1987, 222, 42; Wu et al . , 
Cancer Research, 1993, 53, 3765) . Vario-us liposomes 
comprising one or mere glycol ipids are Known in the art. 
Papahadjopoulos et al . (Ann. N. Y. Acad. Sci . , 1987, 507, 

20 64) reported the ability of monos ial ogangl i os ide G-, , 

gal ac toe erebro side sulfate and phc sphat i dyl inos i t ol to 
improve blood half- lives of liposomes. These findings cere 
expounded upon by Gabizcm et al . [Prcc. Natl. Acad. Sci. 
U.S.A., 1988, 85, 6949) . U.S. Patent No. 4,837,123 and WO 

25 33/04 924, both to Allen et al . , disclose liposomes 

comprising (1) sphingomyelin and (2, the ganglioside G-, or a 
galacto:erebr:side sulfate ester. U.S. Patent No. 
5,543,1 52 (We rot et h1.) discloses liposomes cc>mprisi:co 
sphingomyelin. Liposomes comprising 0,2-sn- 

11 dimyrist oyip ho sphat idyl chc 1 ine are disclosed in WO: 9"Vl'"-4^9 
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Many lip jsi^es comprising lipids derivatized v;:::: :te 
or more hydrocn: I : : polymers , and methods of prepara::::: 
:here:f , are known on the arc. Sunamoto et al . ■.Bull. 
Chem. So:. Jpn . , 1980, 53, 2775) described liposomes 
5 comprising a :1:010:11c detergent, 20_15G, that contains < 

PEG moiety. Ilium et al . ( FEBS Lett., 1984, Id 7 , 7 3- n. ted 
that hydrophilic coating of polystyrene particles with 
polymeri: giycc>Is results in significantly enhance! blood 
halt -lives. Synthetic phospholipids modified by the 

10 attachment of carb:xylic groups o-f poly a 1 kylene glycols 
(e.g., PEG) are described by Sears i 'J . S . Patent No s . 
4,426,320 and 4,534,899). Klibariov et al . (FEBS Lett., 
1990, 263, 2 35) described experiments demonstrating that 
1 lposomes comprising plnosphat idy 1 ethane- 1 amine ( PE ) 

15 derivatized with PEG or PEG stearate nave significant 

increases in blood circulation half- lives. Blume et a.1 . 
{ Biochiwi ca et BiDphysica Acta, 1990, 1029, 91) extended 
such observat ions t o other PEG- der ivat i zed phosphol ipids , 
e.g., DSPE-PEG, formed from the combination of 

2 o di st earoy lphosphat i dyl ethanol amine [ DSPS ) and PEG . 

Liposomes having covalently bound PEG moieties on their 
external surface are described m Eurc>pean Patent Mo. EP 0 
445 131 31 and WO 90/04334 to Fisher. Liposome 
compositions containing 1-2C mole percent of PE derivatized 

05 with E EG , and methods of use thereof, are described by 
Wcodle et al . (U.S. Patent Mo s . 5, CO 3, =56 and 3,2 56,32; 
and Martin et al . ; U . S . Patent Mo. 2,213,004 and European 
Patent No. EP C 4 90 313 31) . Liposomes comprising a number 
of other lipid- p o 1 y me r conjugates are disclosed in VIC 

iz 91/ 3 5 54 5 and U.S. Patent Mo. 3,225,2 12 booh to Martin -t 
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al . ) and in WO 94 /2C 073 iZalipsky et al . ■ Liposomes 
comprising PEG-modified ceramide lipids are described in WO 
96/1039 1 (Choi et al. ' . U.S. Patent X:s. 5, 54 1,93 5 
(Xiyazaki et al . ) and 5,556,943 (Tagawa et a 2 . ) descnb- 
5 PEG-concammg lip :oomes chat oan be further denvacize.; 
with functional moieties on their surfaces. 

A limited number of liposomes comprising nucleic acids 
are known in the art. WO 96/40062 to Thierry et al . 
discloses methods for encapsulating high molecular weight 

10 nucleic acids in liposomes. U.S. Patent No. 5,264,221 to 
Tagawa et al . discloses protein-bonded liposomes and 
asserts that the contents of such liposomes may include an 
antisense RNA . U.S. Patent No. 5,665,710 to Rahman et al . 
describes certain methods of encapsulating 

is o 1 i godeoxynuc ieot i des in liposomes . WO 97/04 787 to Love et 
al . discloses liposomes comprising antisense 
oligonucleotides targeted to the raf gene. 

Trans fersomes are yet another type of liposomes, and 
are highly deformable lipid aggregates which are attractive 

20 candidates for drug delivery vehicles. Trans fersomes may 
be described as lipid droplets which are so highly 
deformable that they are easily able to penetrate through 
pores which are smaller than the droplet . Trans fersomes 
are adaptable to the environment in which they are used, 

2 5 e.g. they are self -optimizing ( adaptive to the shape of 

pores in the skin) , self -repairing, frequently reach their 
targets without fragmenting, and often se 1 f - Loading . O 
make t r ans f e r s ices it is possible to add surface edge- 
activatcrs, usually surfactants, tc a standard liposomal 

2 0 composition. Transf ersomes have been used to deliver s-rum 
albumin tc the skin. The t rans fers cme -mediated deliver." of 



serum albumin has 
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shown t' 
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ce as 

a solution :jn:aimnq seru' 
a 1 bum in . 

Surfactants find wide application in formuiatio: 
5 as emulsions ■;. including mi ore- emu 1 s ions ■ and liposome: 
most common way of classifying ana ranking the prope: 
of the many different types of surfactants, both rat 



ucn 
The 



a n: 



synthetic, is r>y the use of the hydrophi 1 e/ 1 ip : p 



balance (HLB) . The nature of the hydrophilic grc>up (also 

io known as the "head") provides the most useful means for 

categorizing the different surfactants used in formulations 
(Rieger, in Pharmaceutical Dosage Forms, Marcel Dekker, 
Inc., New York, NY, 1988, p. 285) . 

If the surfactant molecule is not ionized, it is 

15 classified as a nouionic surfactant. Nonionic surfactants 
find wide application in pharmaceutical and cosmetic 
products and are usable over a wide range of pH values. In 
general their HLE values range from 2 to about 18 depending 
■on their structure. Nonionic surfactants include nonionic 

20 esters such as ethylene glycol esters, propylene glycol 
esters, glyceryl esters, polyglyceryl esters, sorb it an 
esters, sucrose esters, and ethoxylated esters. Noriicoiic 
alkanolamides and ethers such as fatty alcohol etho xy la t es , 
propoxylated ale oho Is , and ethoxyl at ed/propoxylat ed b leek 

2 5 polymers are also included in this class. The 

pc lyoxyethylene surfactants are the most popular members of 
the nonionic surfactant class. 

If the surfactant molecule carries a negative chaise 
when it is dissolved or dispersed m water, the surfactant 

i: is classified as anionic. Anionic surfactants include 
carboxylates such as soaps, acyl la: 



* c* ~ e ^ 



ac 



ammo acids, esters of sulfur:: arid such as alky I soirees 
and ethoxylated alkyl sulfates, sul ferrates surh as alkyl 
bencene sulfonates, aryl lsethrorutes, aryl taurates a:. : 
sul f osuc r r nat es , arrd phosphates. The roost rmportarot 
5 members of the? arimi: surfactant class are the aloyl 
sulfates and the soaps. 

If the surfactant molecule carries a positive r ha rue 
when it is dissolved or dispersed in water, the surfactant 
is 'classified as cat ionic. Cat ionic surfactants inrlude 
10 quaternary ammonium salts and ethoxylated amines. The 

quaternary ammonium salts are the most used members of this 
class . 

If the surfactant molecule has the ability to tarry 
either a positive or negative charge, the surfactant is 
15 classified as amphoteric . Amphoteric surfactants include 
acrylic acid derivatives, substituted a 1 kyl amides , N - 
alkylbet aines and phosphatides . 

The use of surfactants in drug products, formulations 
and in emulsions has been reviewed (Rieger, in 
20 Pharmaceutical Dosage Forms, Marcel Dekker, Inc., New York, 
NY , 19 8 8, p . 235). 

Penet rat. i en Enhanrers 

In one embodiment, the present invention employs 
various penetration enhancers to effect the efficient 
rs delivery of nucleic acids, particularly oligonucleotides, 
to the skin of animals. Most drugs are present i 
in both ionized and nonionized forms. However, u 
only lipid soluble or Iitophilot drugs readily cr 
membranes. it has been discovered that even non- 
22 druos mav cross cell membranes of the membrane to 




crossed is created with a penetration enhancer. In 
addition to aiding the diffusion of non-lipophilio drone 
across tell membranes, penetration enha inters also enhan-e 
the permeability of lipophilic drugs. 
5 Penetration enhancers may be classified as belonging 

to one cf five broad categories, i.e., surfactants, fatty 
acids, rule salts, chelating agents, and nor:- :he 1 at nig non- 
surfactants (Lee et al. , Critical Reviews in Therapeutic 
Drug Carrier Systems, 1991, p. 92) . Each of the aboi r e 
io mentioned classes of penetrat ion enhancers are described 
below in greater detail. 

Surfactants: In connection with the present indention, 
surfactants (or "surface-active agents") are chemical 

is entities which, when dissolved in an aqueous solution, 
reduce the surface tension of the solution or the 
inter facial tension between the aqueous solution and 
another liquid, with the result that absorption of 
oligonucleotides through the mucosa is enhanced. In 

20 addition to bile salts and fatty acids, these penetration 
enhancers include, for example, sodium lauryl sulfate, 
po lyoxyet hylene -9-1 auryl ether and polyoxy ethylene -20-cetyl 
ether) (lee et al . , Critical Reviews in Therapeutic Drug 
Carrier Systems, 1991, p. 92); and perfluorochemical 

2 5 emulsions, such as Fc-4 3. Takahashi et al . , J. Pharm. 
Pharmacol., 1988, 40, 252). 



Fatty acids : Various fatty acids and their deriva 
which act as penetration enhancers include, for exatpl 
■oleic acid, laune acid, capric acid n-decanoic acid 
myristic acid, palmitic acid, stearic acid, Imcleic a 



lnoolenic acid, dicaprate, :r:caprare, ^onoolen: . 1 - 
mo:o o c I eoyl - ra c- glycerol ) , dilaunio, :apryl: : arid, 
ararrddoriic acid, glycerol 1-^onocaprate, I- 

i I'de ry 1 azacy e 1 ohept an - 2 - one , a cy I cam i c ir.es , a:ylohol::o-s ; 
5 3 _ alkyl esters thereof (e.g., methyl , iscpropyl and c 
butyl), and rionc- and di - gly cer ides thereof (i.e., create, 
laurate, caprate, myristate, palmitate, stearate, 
lincdeate, etc.) (hee et a J . , Critical Reviews in 
Therapeutic Drug Carrier Sy r stems, 1991, p. 92; Muranisin, 
io Critical Reviews in Therapeutic Drug Carrier Systems, 1990, 
7, 1-33; El Hariri et al . , J. Pharm. Pharmacol., 1992, 4 , 
651 -€ 54 ) . 

Bile salts: The physiological role of bile includes 
the facilitation of dispersion and absorption of lipids and 

is fat-soluble vitamins iBrunton, Chapter 38 in: Goodman i 
Gilman's The Pharmacological Basis of Therapeutics, 9th 
Ed., Hardman et al . Eds., McGraw-Hill, New York, 19 96, pp. 
934-935). Various natural bile salts, and their synthetic 
derivatives, act as penetration enhancers. Thus the term 

20 "bile salts" includes any of the naturally occurring 
components of rule as well as any of their synthetic 
derivatives. The bile salts of the invention include, for 
example, cue lie arid i or its pharmaceut i ca 1 ly accept ad ~ 
sodium salt, sodium chelate) , dehydr ochol l c acid (sodium 

05 dehydrocholate ) , deoxycholic acid (sodium deoxycho 1 a t e ..■ , 

giucholic acid (sodium glueholate;, glyodiolic acid ■sodium 
gly o: chelate ) , gly ecdeoxyehol i c acid '"sodium 

glyce deexychol at e , taur:oholi: acid 'sodium taurocnolooe , 
tauridecxycholic acid ; sodium c aur cdecxyehol at e , 
iz coenodeoxycholic acid , sodium chenodecxvcholate , 
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ursodeoxycholic acid UE ! CA; , sodium t auro - 2 4 , 2 5 - dihydr :: 
fusidare .ST2HF: , sodium glycod i hy drc f us i da t e and 
poly jxyer hy I ene - 9 - 1 auryl ether (POE; oee et al . , Critical 
Reviews in Therapeutic Drug Carrier Systems, 1991, page 92; 
s Swinyard, Chapter 39 In: Remington's Pharmaceutical 
Sciences, 13th Sd . , 3ennaro, ed. , Mack Publishing Co., 
Easton, PA, 1990, pages 782-733; Muramshi , Critical 
Reviews in Therapeutic Drug Carrier Systems, 1990, 7, 1-33; 
Yamamoto et al . , J. Pharm. Exp. Ther . , 1992, 262, 2E; 
id Yamashita et al . , J. Pharm. Sci . , 1990, 79, 579- 533). 



Chelating Agents: Chelating agents, as used in 
connection with the present invention, can be defined as 
compounds that remove metallic ions from solution by 
forming complexes therewith, with the result that 

l Ei absorption of oligonucleotides through the mucosa is 
enhanced. With regards to their use as penetration 
enhancers in the pi re sent invention, chelating agents have 
the added advantage of also serving as DNase inhibitors, as 
most characterized DNA nucleases require a divalent metal 

20 icn for catalysis and are thus inhibited by chelating 
agents (Jarrett, J. Chroma togr. , 1993, 618, 315- 339). 
Chelating agents of the invention include but are net 
limited to disodium et hy lenediammet et raacetat. e ( EDTA .■■ , 
citric acid, salicylates (e.g., sodium salicylate, 5- 

25 methoxysal i cyl a t e and homovan.il ate J , N-acyl derivatives of 
collagen, laureth-3 and TV- amino aoyl derivatives of icer . :: ^- 
dihetcnes (enamines; .'Lee et al . , Critical Reviews in 
Therapeutic Drug Carrier Systems, 1991, page 92; Muramshi, 
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Critical Reviews in Therapeutic Drug Carrier Sys terns, 1990, 
7, 1-33; Buur et al . , J. Control Rel . , 1990, 14, 43 -51 . 



Nor:-:heiat:ng r.on-surf act ants : As used herein, 
rhelat. l ng non- surfactant penet ration enhancing compounds 
5 can be defined as ::^p:)unds that demonstrate insignificant 
activity as chelating agents or as surfactants but that 
nonetheless enhance absorption of oligonucleotides through 
the alimentary mucosa (Muranishi, Critica.1 Reviews in 
Therapeutic Drug Carrier Systems, 1990, 7, 1-33). This 

10 class of penetration enhancers include, for example, 

unsaturated cyclic ureas, 1-alkyl- and 1-alkenyl azacyclo- 
alkanone derivatives (Lee et al . , Critical Reviews in 
Therapeutic Drug Carrier Systems, 1991, page 92) ; and non- 
steroidal ant i -inflammatory agents such as diclofenac 

15 sodium, indoiriethacm and phenylbutazone (Yamashita et al . , 
J. Pharm. Pharmacol., 1987, 39, 621-626). 

Agents that enhance uptake of oligonucleotides at the 
cellular level may also be added to the pharmaceutical and 
other compositions of the present invention. For example, 

no cationie lipids, such as lipofectin (Junichi et al , U.S. 
Patent No. 5,705,188), cationie glycerol derivatives, -and 
pclycat ionic molecules, such as polylysme (Lollc et al . , 
POT Application WO 37/ 3 073 1), are also known to enhancer the 
cellular upt ake o f o 1 igonucleot ides . 

2 5 Other agents may be utilized to enhance the 

penetration of the administered nucleic acids, i roc in; dm : 
glycils such as ethylene giycoO and propylene glycol, 
pyrrols sucn as 2 -pyrrol, azones, and terpenes such as 
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1 a O r 1 e 1~ S 

Terrain compositions of :he present invention als 
in corporate carrier compounds m the rormula:.ion. As used 
herein, "carrier compound" or "carrier" can refer to a 
5 nucleic acid, or analog thereof, which is inert \ i . e . , ioes 
no-t possess biological activity per se) but is recognized 
as a nucleic acid by in vivo processes that reduce the 
b l oava i 1 abi 1 i ty C'f a nucleic acid having biological 
activity by, for example, degrading the b io 1 c>g i c a 1 1 y active 
10 nucleic acid c>r promoting its removal from circulation. 
The coadministration of a nucleic acid and a carrier 
c compound, typically xith an excess of the latter substance, 
can result in a substantial reduction o>f the amount c>f 
nucleic acid recovered in the liver, Kidney or other- 
is ext rac irculat cry reservoirs, presumably due to competit ion 
between the carrier compound and the nucleic acid for a 
O'Cmmon receptor. For example, the recovery of 3 partially 
phosphorot hioate oligonucleotide in hepatic tissue can be 
reduced when it is coadministered with polyinosmic acid, 
20 dextran sulfate, pclyeytidic acid or 4 - ace t amide - 

4' i sot hi ocyano - s t i 1 bene - 2 , 2 ' - d i su 1 f on i c acid (Miyao et il . , 
Antisense Res. Dev., 1995, 5, 115-121; Takakura et al . , 
Antisense & Nucl. Acid Drug Dev., 1996, 6 f 111 - 111 ) . 



iixoipien: s 

:5 In contrast :o a carrier compound, a "pharmaceutic 

carrier" or "excipienc" is a ph arm a ceut i cal .1 y arceptab! 
solvent, suspending agent or any other pnarma :o 1 eg i c a 1 . 
inert vehicle for delivering one or more nucleic actus 
an animal. The excipient may be liquid or solid and i: 
: selected, v/ich the clanned manner of administration m 
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mind, sc as tc provide for the desired bulk, :?nsis:e:::y, 
etc., iv::en :::r.b:ned with a nucleic a vci and the otner 
:oot jnents of a given pharmaceutical romp cs 1 1 ion . Typo /a 1 
pharmaceutical carriers include, but are not limited tc, 
5 omding agents t.e.gr., prege la t i ni zed maize starch, 

p o 1 y v l n y 1 p 1 y r r o 1 i d c oi e or hy d r c xy p r c p y 1 m e t hy 1 c e 1 1 u 1 c s e , 
etc.) ; fillers {e.g., lactose and other sugars, 
mi c roc ryst a 1 1. me ce 1 lul ose , pec: in , ge latin, caic mm 
sulfate, ethyl cellulose, polyac rylates or calcium hydrogen 

10 phosphate, etc.); lubricants (e.g., magnesium stearate, 
talc, silica, colloidal silicon dioxide, stearic acid, 
metallic stearates, hydrogenated vegetable oils, corn 
starch, polyethylene glycols, sodium benzoate, sodium 
acetate, etc.) ; di s integrant s (e.g., starch, sodium starch 

15 glycolate, etc.); and wetting agents (e.g., sodium iauryl 
sulpha: e , e tc . ) . 

Pharmaceuti cai ly accept aole c-rganic or inorganic 
ex;: ipient su i t able- f or non - p a rent er a 1 admin is t rat ion which 
do not deleter ions iy react with nucleic acids can also ce 

co used to formulate the compositions of the present 

i recent i on . Su itab 1 e pharmaceut i ca 1 ly acceptable carriers 
include, but .are not limited to, water, salt solutions, 
a 1 cohol s , polyethylene g lycol s , ge latin, 1 actose , amy lose , 
magnesium stearate, talc, silicic acid, viscous paraffin, 

25 hydroxymethy Ice 1 lul ose , polyvinylpyrrolidone and one lice. 

Formulations for topical administration of nucleic 
acids may include sterile and no n- sterile aqueous 
solutions, non-aqueous solutions in common solvents sum as 
alcohols, or solutions of the nucleic acids in liquid :r 

so solid oil bases. The solutions may also contain buffers, 
diluents and other suitable additives. Pharmaceutical-"/ 
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acceptable organic or inorganic excipiercs suitable f .: r 
ncn-paren:eral administration which :io not delet er i cus 1 y 
react with nuclei: acids can be used. 

Suitable pharmaceutic al 1 y accept able exoipiencs 
5 include, but are net limited to, water, salt solutions , 
alcohol, polyethylene glycols, gelatin, lactose, amylose, 
magnesium stearate, talc, silicic acid, viscous paraffin, 
hydroxymet hyl cellulose, po lyvi ny ipyr red idone and the 1 loe . 



io Other Components 

The compositions of the present invention may 
additionally contain other adjunct components 
conventionally found in pharmaceutical compositions, at 
their art-established usage levels. Thus, for example, the 

15 compositions may contain additional, compatible, 

pharmaceut ical ly-act ive materials such as, for example, 
antipruritics, astringents, local anesthetics or 
anti-inf lammatory agents, or may contain additional 
materials useful in physically formulating various dosage 

20 forms of the compositions of the present invention, such as 
dyes , f iavorina agent s , preservat lves , ant l oxidant s , 
opacif lers, thickening agents and stabilizers. However, 
such materials, when added, should not unduly interfere 
with the biological activities of the components of the 

25 c cmpos i t ions of the present invention.. The formulations 
can be sterilized and, if desired, mixed with auxiliary- 
agents, e.g., lubricants, preservatives, stabilizers, 
wetting agents, emulsifiers, salts for influencing iscvic 
pressure, buffers, colorings, flavorings and/or aromatic 
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substances and the like which do net deleteriously ::::e:o:: 

Aqueous suspensions may contain substances which 
increase the vise is icy of the suspension including, for 
5 example, sodium c arboxymet hyi eel luhose , sorbitol and /or 
dextran. The suspension may also contain stabilizers. 

Ce r t a i n emb c d i men t s o f t he 1 nven t i on p rov i de 
pharmaceutical compositions containing (a) cne or more 
ant i sense compiounds and (b i cne or more other 

10 chemotherapeu: i : agents which function by a n-en - ant i sense 
mechanism. Examples of such chemot herapeut i c agents 
include, but are not limited to, anticancer drugs such as 
daunorub icm, da e t i nc-my c i n , doxo rub i c in, b 1 eomy c i n , 
mitomycin, nit rogen mustard, chlorambuci 1 , melphalan, 

15 cyclophosphamide, 6 -mercaptoporine, *E - 1 hioguanine , 
cytarabine (CA) , 5 - f 1 uorourao i 1 (E-FU) , floxuridine 
(E-FUdR) , methotrexate ( MTX ) , colchicine, vincristine, 
vinblastine, etopeside, teniposide, cispiatm and 
diethylst i lbest re 1 (DES). See, generally, The Merck Manual 

co of Diagnosis and Therapy, 15-th Ed., Perkow et al . , eds . , 
1987, Rahway, N.J., pages 1206-1228). An:i- inflammatory 
drugs, including be: not limited to nonsteroidal anti- 
inflammatory drugs and corticosteroids, and antiviral 
drugs, including but not limited to nbivirin, vidarabire, 

25 acyclovir and ganciclovir, may also be combined in 

compositions of the invention. See, generally, The Merck 
Manual of" Diagnosis and Therapy, lEtr Ed. , Perkov: ec al . , 
eds., 1987, Rahway, pages 2 4 ? 9 - 2 5 Z i and 46-49, 

respect iveiy) . loner roe - ant i sense cnem: t her apeut i c agents 

combined compounds may be used together or sequentially. 



# 
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In a not: her related embodiment , .expositions of roe 
i nve n to i C- o ^a T .' c o nc a i o o ne o r mo re a n t o s e n s e c c mo- ou o a s , 
particularly oligonucleotides, targeted to a first nucl-ic 
acid and one or more additional antisense compounds 
5 targeted tc a second nucleic acid target. Numerous exam: les 
of antisense compounds are known in tne art . Two or more- 
combined compounds may be used together or sequentially. 

The formulation of therapeutic compositions and their 
subsequent administration is believed to- be within the 

io skill of those m the art. Dosing is dependent on severity 
and responsiveness of the disease state to be treated, with 
the course of treatment lasting from several days to 
several months, or until a cure is effected or a diminution 
of the disease state is achieved. Optimal dosing schedules 

15 can be calculated from measurements of drug accumulation in 
the body of tne patient. Persons of ordinary skill can 
easily determine optimum dosages, dosing methodoilogies and 
repetition races. Optimum dosages may vary depending ou 
tne relative potency of individual oligonucleotides, and 

20 can generally be estimated based on EC s found to be 
effective in in vitro and in vivo animal models. In 
general, dosage is from 0.C1 ug to 100 g per kg of body 
weight, and may be given once or mo-re daily, weekly, 
monthly or yearly, or even once every 2 to 20 years. 

25 Persons of ordinary skill in tne art can easily estimato- 
repetition rates for dosing based on measured residence 
times and concentrations of the drug in bodily fluids :o 
tissues. roll owing successful treatment, it may be 
desirable to nave the patient undergo maintenance therapy 

3 0 to prevent the recurrence of tne disease state, where it- one 
oligonucleotide is administered in maintenance doses, 
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ranging rrom, r.Tl ug :c 1QC g per rig coay we:g::: , ::. 

or more daily, no c::ce every 2C years. 

While the present invention has been described wit: 
specificity in accordance with certain of its preferred 
embodiments, the following examples serve only to 
illustrate the invention and are not intended to limit * 
same . 



ne 
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EXAMPLES 



Example 1 

Nucleoside Phosphoramidites for Oligonucleotide Synthesis 
Deoxy and 2 ' -alkoxy amidites 

5 2' -Deoxy and 2' -methoxy beta - cyanoethyldi isopropyl 

phosphcrami di t es were purchased from commercial sources 
(e.g. Chemgenes, Needham MA or Glen Research, In:. Sterling 
VA) . Other 2'-0-alkoxy substituted nucleoside amidites are 
prepared as described in U.S. Patent 5 , 5 C":- , 3 5 1 , herein 

10 incorporated by reference. For oligonucleotides 

synthesized using 2 ' -alkoxy amidites, the standard cycle 
for unmodified oligonucleotides was utilized/ except the 
wait step after pulse delivery of tetrazole and base was 
increased to 1 £ Z seconds. 

15 Oi igonuc 1 ec t ides containing 5 -met hyl - 2 1 - deoxycy 1 1 dme 

(5-Me-C) nucleotides were synthesized according tc> 
published methods [Sanghvi, et . al . , Nucleic Acids 
Research, 1993, 21, 3197-3203] using commercially available 
phosphoramidites (Glen Research, Sterling VA or ChemGenes, 

2 0 Needham MA) . 



2' -Fluoro amidites 

2' - Fluorodeoxyadenosine amidites 

2 1 -fluoro c ligonueleot ides were synthesized as 
described previously [Kawasaki, et . al., J. Med. Chen:., 
1993, 26, -31-E41] and United States patent 5,671,^11, 
herein incorporated by reference. Briefly, the protect -d 
nu cleos ide N6 - benzoyl -2 ' -deoxy- 2 ' - f 1 uor oadenos i ne was 
synthesized utilizing commerce all v available 9- bet a -2- 
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arabinjfuranjsyladenine as starting material ana by 
modifying literature procedures v;::erei:y the 2 ' - alpha - f 1 " o: r. 
at:T, is :r.tr:du:ei by a S :; 2 - displacement, of a 2' -beta-t : : : t 
gr tup . Thus N'5 -benz oyl - 9 -beta-D- aratinjfuranosylade::::>:- 
5 was sele:tively pr:te:red in moderate yield as the 3 ' , -3 ' - 
di t et ranydropy rany 1 , THP) intermediate. Deprotect lot c: 
the THP and -benzoyl group>s was a z z ompd i shed using 
standard methodologies and standard methods were used to 
obtain the 5' - dimet hoxyt r i tyl - (DMT) and 5' -DMT- 3 ' - 
10 phosphoramidi t e i nt e rmediates . 



2' -Fluorodeoxyguanosine 

The synthesis of 2 1 -deoxy-2 ■ - f luoroguanos me was 
aooompl ished using tet raisopropyldisi loxanyl (TPDS ) 
protected 9 -beta - 1' - a rab i no furanosylgu ani ne as start irog 
is material, and conversion to the intermediate di 1 sobut yryi - 
ar abinof uranosylguanos ine . Deprotect ion of the TPDS group 
was followed by pritection of the hydroxy 1 group with THP 
to give di isobutyry 1 di-THP protected 

arabmo furanosyl guanine . Select lve 0 - deacyl at ion and 
20 tri flat ion was fed lowed by treatment of the crude product 
with fluoride, then deprotection of the THP groups. 
Standard methodologies were used to obtain the 5 ' -DMT- -ucd 
5' -Z'MT-3 ' -phc spnc r ami dit es . 



2' -Fluorouridine 

Synthesis of 2 1 -deoxy-2 ' - fluorouridine was 
accomplished by the modification of a literature procedure 
m which 2 , 2 ' - an hydro - 1 -bet a - D- arabi roof crane syluraoi 1 w ,s 
treated with ^ C % hydrogen f luoride -pyridine . Standard 




2 ' - Fluorodeoxycytidine 

2 ' - ieoxy-2 ' - f 1 uorocy t idi ne was synthesized via 
5 air.inatior. of 2 ' - decxy - 2 1 - f luor ^uridine , followed by 
selective pro:e::.ion to give N4 -benzoyl -2 ' -deoxy-2 ' - 
flu jrocy:idme. Standard procedures were used to obtain 
the E ' - DMT and 5 ' - DMT- 3 'phosphoramidit.es. 

2'-0- ( 2 -Methoxyethyl ) modified amidites 

10 2 * - 0 - Met hoxyet hy 1 - subst i tut ed nucleoside amidit 

prepared as fed lows, or alternatively, as per the me 
of Martin, P., Helvetica Chimica Acta, 1995, 78, 436 

2,2 ' -Anhydro [1- (beta-D- arabinof uranosyl ) - 5 - 
15 methyluridine] 

5 - Met hy 1 uridine ( ribosy 1 thymine , 2ommerc ia 1 ly r 
available through Yamasa, Choshi , Japan) (72.0 g, 0.279 M) , 
dipheny lcarbc-nate 0 1 . 0 g, 0.420 M) and sodium bicarbonate 
(2.0 g, 0.024 M) were added to DMF (300 mL). The mixture 

20 was heated to reflux, with stirring, allowing the evolved 
carbon dioxide gas to be released in a controlled manner. 
After 1 hour, the slightly darkened solution was 
concentrated under reduced pressure. The resulting syrup 
was poured into diet hyi ether ('2.5 D. , with stirring. Due 

25 product formed a gum,. The ether was decanted and the 

residue was dissolved in a minimum amount of methanol o-, . 
4:: mh, . The solution was poured into fresn ether 2 . r 2 
to yield a stiff gum. The ether was decanted and the gun; 
was dried m a vacuum oven o Z C at 1 too Hg for 2 4 h 
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give a son: :nat v;as :rusnea a .:g::: can pcwuer :.- g, 

8 5^ :rudo yield' . The NMR spectrum was consistent v.* it:: the 
structure, contaminated with phenol as its sodium sale :a. 
5%) . The material was used as is for further reactions ■. or 
5 it oan be purified further by column chromatography using a 
gradient of methanol in ethyl acetate i 10-25%) to give a 
white solid, *iip ^22-4 C 1 . 



2 1 - O - Me thoxy ethyl - 5 -methyluridine 

2 , 2 ' -Anhyiro- 1 - methyl ur i d me (195 g, 0.31 M) , tris 2- 
10 methc>xyet hyl ) borate (2 3 1 g, 0.93 M) and 2 -met hoxyet hanoi 

(1.2 L) were added to a 2 L stainless steel pressure vessel 
and placed in a pre-heated oil bath at 160"C. After heating 
for 48 hours at 1 5 5 - 16 0 : 'C , the vessel was opened and tlie 
solution evaporated to dryness and triturated with MeOH 
is ( 2 2 0 mL ) . The residue was suspended in hot acetone (1 2) . 
The insoluble salts were filtered, washed with acetone 150 
mL) and the filtrate evaporated. The residue (230 g) was 
dissolved in CH.CN i 60 0 mL) and evaporated. A silica gel 
column (3 kg) was packed in CH : Cl : /acetone/MeOH (20:5:3) 
20 containing 0.5% EcNH. The residue was dissolved in 2H Cl_ 
(250 mL.) and adsorbed onto silica (15C g> prior to loading 
onto the column. The product was eiuted with the packing 
sod vent to give 160 g (63%) of product. Additional 
material was retained by reworking impure fractions. 



2 1 -O-Methoxyethyl - 5 ' - O- dime thoxy tri tyl - 5 -methyluridine 

2 1 - O-Methcxyethyl - 5 -methyluridine ;160 g, 0.50 6 X was 
cc - evaporated with pyridine i 2 5 2 mL; and the dried resi :ue 
dissolved in pyridine o.3 L ; . A first aliquot of 
dime t hoo:y t r i ty 1 chloride 04 . 3 g, 0.275 X was added on - ; 
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the mixture stirred at room temperature for :ne hour. 
se:oni aliquot of dimethcxyt r i t y 1 chloride i 94 . 3 ^, . . ' - 
M) was added and the reaotion stirred for an additional tne 
hour. Methanol -l^C mL) was then added to stop the 
5 reaction. HPLC showed the presence of approximately 71-- 
product. The solvent was evaporated ana triturated with 
CH.CN ■ 2 C) 0 mL? . The residue was dissolved in 1THC1. 1.1 L; 
and extracted with 2x500 mL of saturated NaHCC, and 2x5 1 mL 
of saturated NaCi . line organic phase was dried over Na SO.. , 

10 filtered and evaporated. 2 71 g of residue was obtained. 
The residue was purified on a 3.5 kg silica gel oolumn, 
packed and eluted vht.h EtOAc /hexane / acet one (5:1:1) 
containing 0.5% Et NH . The pure fractions were evaporated 
to give 164 g of product. Approximately 20 g additional 

15 was obtained from the impure fractions to give a total 
yield cf 13 3 g (57*). 



3 ' -O-Acetyl-2 1 - O - me thoxy ethyl - 5 1 -O-dimethoxytri tyl - 5- 
methylur idine 

2 ■ -O -Met ho'xyet hy 1 - 5 1 - O - dimet. hoxyt r i ty 1 - 5 - met hylur i dine 
20 (106 g, 0.167 M) , DMF /pyr l di ne (750 mL of a 3:1 mixture 
prepared from 5 62 mL c-f DMF and 183 mL of pyridine.' and 
acetic anhyd r l de (24 . 3 3 mL , 0.25 3 M ) we re comb i ne d and 
stirred at roc^ temperature for 24 hours. The reaction was 
monitored by TLC by first quenching the TLC sample with the 
25 addition of Me OH . Upon completion of one reaction, as 
judged by TL 1 , MeOH '50 ml; was -ridded and the mixture 
evaporated at O 1. The residue was dissolved in CHOI 81 C 
mL and extracted with 2x2 0C mL of saturated sodium 
bicarbonate and 2xO; I mL of saturated NaOl . The water 
zz iavers were back extracted with L^ZZ mL of CHOI.. The 
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:;^X'inea :;rqii:::s were ariea wicn scaiu^ su:race an: 
evaporated to give 12 2 g of residue , apprcx. 9 0 pr: 
The residue xas purified on a 3.5 kg si lira gel cell 
e luted using St 2Ao nexane ( 4 : 1 ) . Pure product f ractr 
5 evaporated to yield 9 2 g (34%) . An additional 1.5 g 
recovered from later fractions. 



:er< 



3 1 -O-Acetyl-2 ' - O -methoxyethyl - 5 ' -O-dimethoxytri tyl - 5 - 
methyl -4 - triazoleuridine 

A first solution was prepared by dissolving 3 1 -2- 

10 acetyl - 2 ' - O-met hoxye t hy 1 - 5 * - O - dime t hoxyt r i tyl - 5 - 

metnylur idme (96 g, 0.144 M) in CH.CN i.700 mL) and set 
aside. Triethylamme (189 mL, 1.44 M ') was added to a 
solution of triazole -90 g, 1.3 M) in CH.CN (1 L) , cooled to 
-5 C and stirred for 0.5 h using an overhead stirrer. OOCi. 

15 was added dropwise, over a 3 0 minute period, to the stirred 
solution maintained at G-10 : 'C, and the resulting mixture- 
stirred for an additional 2 hours. The first solution was 
added dropwise, over -a 45 minute period, to the latter 
solution. The resulting reaction mixture was stored 

20 overnight in a cold room. Salts were filtered from the 
reaction mixture and the solution was evaporated. The 
residue was dissolved in EtOAc (1 L) .and the insoluble 
sod ids were removed by filtration. The filtrate was washed 
with 1x100 mL of IvaHCCu and 2x500 mL of saturated NaOi , 

25 dried over sodium sulfate and evaporated. The residue was 
triturated with EtOA: to give the title compound. 
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2 1 -O-Methoxy ethyl - 5 1 -O-dimethoxytri tyl - 5 - 
me thy Icy t idine 

A solution of 3 ' - 0 - acet y 1 - 2 ' - 0- met hcxye t hy 1 - - ' - 0 - 
di:oeth3xytrityl - =■ -methyl -4 - t r i azc 1 enridme (103 g , : . 1^ 1 X 
5 in di ox a rte (50 0 mL; and NH. : OH i20 mL) was stirred at. rcco 
temperature for 1 hours. The dicxane solution was 
evaporated and the residue aze :>croped with MeOH ( 2x2 0 3 uuL) . 
The residue was dissolved in MeOH (313 mL) and transferred 
to a 2 liter stainless steel pressure vessel. Me0>H v 4 0 '"' 

10 mL) saturated with NH : gas was added and the vessel heated 
to 100 O for 2 hours (TLC showed complete conversion) . The 
vessel o intents were evaporated to- dryness and the residue 
was dissolved in EtOAc (500 ml) and washed once with 
saturated NaCl (2 00 mL) . The organios were dried over 

is sodium sulfate and the solvent was evaporated to give 85 g 
(05%) of the title o o impound . 



N4 - Benzoyl - 2 ' - O -met hoxy ethyl - 5 1 - O- dime thoxytri tyl - 5 - 
me thylcyt idine 

2 ' -O-Methoxyethy 1 - 5 1 -O -dime thoxytri tyl - 5 -methyl - 
20 cytidine (85 g, 0.131 M) was dissolved in DMF (300 ml) and 
benzoic anhydride (37.2 g, 0.135 X) was added with 
stirring. After stirring for 3 hours, TLC showed the 
reaction to be approximately 95% complete. The solvent was 
evaporated and the residue azeotroped with MeOH (200 mL . 
0 5 The residue was dissolved in CHC1. f 70 0 mL; and extracted 
with saturated NaHO: . (2x30C mL; and saturated NaCl 2x:10 
mL. , dried over MgSO ; and evaporated to give a residue 00 
g ) . The residue was chromat og raphe d on a 1.5 kg silica 
column using EtCAo/hexane containing 3.5% Lt XH as th^ 
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educing soiv ; 
evaror a: ed t: 



pure proauc 

a ; 9 0 * 1 of 



:rac:ijns were 



N4 -Benzoyl - 2 ' -O-methoxyethyl - 5 1 - O - dimethoxy tri tyl - 5 - 
methylcytidine- 3 1 -amidite 

5 N4 -Benzoyl -2 ' - 0 - met hoxyethyl - 5 ' - 0- dimethoxy:: r it yl - r " - 

methyl ryt i dine <74 g, D.1C M< was dissolved in CH_ Cl I h .:■ . 
Tetrazole diisopropylamine (7.1. g) and 2 - oyanoethoxy - t e: r a - 
( isopropyl ) phosphite (40.5 mL, 0.123 M) were added with 
stirring, under a nitrogen atmosphere. The resulting 

io mixture was stirred for 20 hours at room temperature ( TLC 
showed the reaction to be 95% complete) . The reaction 
mixture was extracted with saturated UaHOO. (1x300 mL) and 
saturated NaCl (3x3 00 mL) . The aqueous washes were oack- 
extracted with CH : Cl : (300 mL) , and the extracts were 

15 combined, dried over MgSCt and concentrated. The residue 
obtained was chromatographed on a 1.5 Kg silica column 
using EtOAe/hexane (3:1) as the eluting solvent . The pure 
fractions were combined to give 90.6 g (37%) of the title 
compound . 



:0 2 ' -O- ( Aminooxy ethyl ) nucleoside amidites and 2 ' - O - 
(dimethylaminooxyethyl ) nucleoside amidites 

2 1 - (Dimethylaminooxyethoxy ) nucleoside amidites 

2 ' - (Dimethylaminooxyethoxy) nucleoside amidites [a! so 
known in the art as 2'-0- (dimethylaminooxyethyl 1 nucleoside 
.5 amidites] are prepared as described in the following 

paragraphs. Adenosine, cytidine and guanosme nucleoside 

ami d 1 1 e s are preta red si mi larly to t he t nymid i ne 5 - 

met hviur idme excect the exccvelio amines are nrcteoteo 




5 ' -O- tert-Butyldiphenylsilyl-0 2 -2 ' - anhydro - 5 - 
methyluridine 

5 0--2 1 -anhydro- 5 -methyluridine Pro . Bio. Sint . , Vavese, 

Italy, lOO.Og, 2-. 416 mmol ) , di me t hy 1 aminopyr l dine i 1 . 6 6 *, 
0 . ■ J 1 3 e q , 0.0054 mmo 1 ) were d i s s o 1 ve d i n d ry py r i d i ne : 5 0 
ml : at ambient temperature under an argon at mo spue re an i 
with mechanical sti rr ing . tert- Buty Id i phenyl chlorosi lane 

10 (12 5.Bg, 119. 0ml, l.leq, 0.4 58mmolj was added in one 
portion. The reaction was stirred for 16 h a: ambient 
temperature. T2C (RE 0.22, ethyl acetate) indicated a 
complete reaction. The solution was concentrated under 
reduced pressure to a thick oil. This was partitioned 

15 between dichlor omethane (1 1) and saturated sodium 

bi carbonate (2x1 L) and brine (1 L ) . The organic layer was 
dried over sodium sulfate and concentrated under reduced 
pressure to a thick oil . The oil was dissolved in a 1:1 
mixture of ethyl acetate and ethyl ether (600mL> and the 

20 solution was cooled to 

-1 j C. The resulting crystalline product was collected by 
filtration, washed with ethyl ether (3x2 0 0 mL) and dried 
(4jC, 1mm Hg , 24 h) to 149g (74.8%) of white solid. ThC 
and NMR were consistent with pure product . 



5 1 -O- tert-Butyldiphenylsilyl-2 1 -0- ( 2 - hydroxye thy 1 ) -5- 
methyluridine 

In a 2 L stainless steel, unstirred pressure react r 
was added borane m net rahydrof uran .1.0 M, 2.0 eq, 622 
ml . In the fume heed and with manual stirring, ethylene 
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glycol 3 50 mL , excess 1 was added cautiously at first until 
the evolution of hydrogen gas subsided. 5 ' -u-tert- 
But y 1 d i phenyl s i lyl - It - 2 1 - anhydr o - 5 - me t hylu redone 14 9 g , 
2.311 mo!) and sodium bicarbonate ( 0 . 374 g, 0.303 eq .' were 
5 added With manual stirring. The rea::or was sealed and 
heated in an oi 1 bath until an internal temperature of 360 
C wa s reached an d then ma i n t a i ne d for 16 h (press u r e <. 3 0 0 
psig) . The reaction vessel was cooled to ambient and 
opened. TLC (Rf 3.67 for desired product and Rf 0.82 for 

to ara-T side product, ethyl acetate) indicated about 7 3% 
conversion to the product. In order to avoid additional, 
side product formation, the reaction was stopped, 
concentrated under reduced pressure (II to 1mm Hg ) in a 
warm water bath (40-100'C) with the more extreme conditions 

is used to remove the ethylene glycol. [Alternatively, once 

the low boiling solvent is gone, the remaining solution (tan 
be partitioned between ethyl acetate and water. The 
product will be in the organic phase.] The residue was 
purified by column chromatography (2kg silica gel, ethyl 

20 acetate -hexanes gradient 1:1 to 4:1.) . The appropriate 

fractions were combined, stripped and dried to product, as a 
white crisp foam (34g, 50%), contaminated starting material 
(17.4g) and pure reusable starting material 20g. The yield 
based on starting material less pure recovered starting 

25 material was 58%. TLI and NMR were consistent with 99^ 
pure product . 

2 1 -O- ( [2 -phthalimidoxy ) ethyl] -5 ' - t -butyldiphenylsilyl - 
5 -me thyluridine 

5 ' - O - t e rt - But yl d ipheny 1 s i lyl - 2 ' - 2; - (2- hydro xye t hy 3 3 - 
3 : me t. hy 1 uridine 2 3 g , 36.98 mm c 3 was m i xe d w 1 1 h 
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t r ; phe r.y I pho s p. h : 11.63a, 44.3cmmol and X- 

hy droxyphtha 1 imide 7.2 4g, 4 4 . 3 6mnoI ' . It was then dri--d 
over P I: under high vacuum for two days at 4 0 C. The 
react ic r. mixture was flushed with argon and dry THF 
5 (3-O.SnvL., Aldnch, sure seal beetle) was added to get. a 
2:1 ear solution. I 1 i e t hy 1 - a zodi o arboxy 1 at e (6 . 9 3ml, 
4 4 . 3 6iTimoi ) was added dropwise to the reaction mixture. The 
rate of addition is maintained such that resulting deep red 
coloration is just discharged before adding the next dr :p . 

10 After the addition was complete, the reaction was stirred 
for 4 hrs . 3y that time TLC showed the completion of the 
reaction (ethyl acet ate : hexane , 60:40) . The solvent was 
evaporated in vacuum. Residue obtained was placed on a 
flash column and eiuted with ethyl ace t at e : hexane (60:40), 

15 to get 2 1 -0- ( [2 -pht hal lmi doxy ) ethyl] -E ' - t- 

bu t y 1 d i phe ny 1 s i 1 y 1 - 5 - me t hy 1 u r i d i ne as wh i t e f oam (21.313' g , 



5 ' -O- tex-t-butyldiphenylsilyl-2 1 -O- [ (2 - 
f ormadoximinooxy ) ethyl] - 5 -methylur idine 

20 2 1 - O - ( [ 2 - pht ha 1 1 mi doxy ) ethyl ] - 5 ' - t - but y Id ipheny 1 s l ly 1 - 

E- -methyl uridine i.3..1g, 4.5mmol) was dissolved in dry CH 0l_ 
(4.tmL) and methyl hydraz ine (300mL, 4.64mmol) was added 
dropwise at - 1 1 C tc 0 C. After 1 h the mixture was 
filtered, the filtrate was washed with ice cold OH. CI. and 

2 5 the combined organic 1 phase was washed with water, brine and 
d r i e d c ver a nhydr<ou s Xa _ S O . . Th e solution was ccr.ee n t. r red 
:o get I'-O- [ an; mooxye t hyl 5 thymidine, wnich was then 
dissolved m YeOH '-7.5mL,i . To tnis formaldehyde 2 1 - 
aqueous solution, wuw, 1.1 eq . . : was added and the re soil* mg 

iz mixture was strirred for 1 h. Solvent was removed under 




5 1 -O- tex-t-Butyldiphenylsilyl-2 ' -O- [N,N- 
5 dime thylaininooxye thy 1] - 5 -methyluridine 

5 ' - 0 - tert - Duty I di phenyl s l ly 1 - 2 ■ -0- [ 1 2 - 
f rmadoximmooxy ) ethyl ] - 5 -methyluridine ; 1 . 77g, 3 . 12mmci ; 
was dissolved m a solution of 1M pyndinium p- 
tc iuenesul f onat e (?PTS) m dry MeOH (30. ^mL). Sodium 

10 cyanoborohydride i'0.3 9g, £ . 1 3 mmo 1 ) was added to this 
solution at 10 C under inert atmosphere. The reaction 
mixture was stirred for 10 minutes at 10 C. After that: the 
reaction vessel was removed from the ire bath and stirred 
at room temperature for 2 h, the reaction monitored by TLC 

15 (5% MeOH m CH_ Cly . Aqueous NaHCO . solution (5%, lOmL; was 
added and extracted with ethyl acetate (2x20mL) . Ethyl 
acetate phase was dried over anhydrous Na ;: S0 4 , evaporated to 
dryness. Residue was dissolved in a solution of 1M PPTS in 
MeOH ( 30 . 6mL ) . Formaldehyde (20% w/w, OOmh, 3.3 7mrrol) v;as 

2 0 added and the reaction mixture was stirred at room 

temperature for It minutes. Reaction mixture cooled to 10 C 
in an ice bath, sodium cyanoborohydride (0.39g, 5.13mmcl; 
was added and reaction mixture stirred at 1 0 '"C for 10 
minutes. After 10 minutes, the reaction mixture was 

25 removed from the ::e bath and stirred at room temperature 
for 2 hrs . To the reaction mixture 5¥ \ T aHCO. '2 0mL 
solution was added and extracted with ethyl acetate 
:Ox25mL; . Ethyl aoetate layer was dried over anhydrcus 
^a, SO- and evaporated to dryness . The residue obtained was 
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[!T, M-diTethyla^n:: 
:i4 .Eg, 3C%) . 



- tert 



:e as a 



2 1 -O- ( dime thy 1 ami no oxy ethyl ) - 5 -methylur idine 

5 Trier hyl amine t r i hydro f luor ide (3 . ?lmL, 24.0mtr.ol' v:as 

dissolved in dry THF and t net nyl amine \.L.E7mL, :.2n:mol, 
d r y , Ke p t ove r F- OH ■ . This mixture of trie: hy 1 a m i ne - 2 K F was 
then added to 5 ' -0- tert-butyldiphenylsi lyl - 2 ' -O- 
d i me t hy 1 ami no ixyet hyl ] - 5 -methyl uridine (1.409, 2 . 4mrnol ; and 
io stirred at room temperature for 24 hrs . Reaction was 

monitored by TL-2 (E% MeOH in CH : C1J . Solvent was removed 
under vacuum and the residue placed on a flash column and 
eluted with 1C% YeOH in CHyOl^ to get 2 * -O- 
■ dimethylamincoxyet hyl ) - 5 -methylur idine i766mg, 92.5% . 



is 5 1 - 0 - DMT - 2 1 -O- ( dime thy laminooxy ethyl) - 5 -methylur idine 

2 ' - O - i dimethyl aminooxyethy 1 ' - 5 -methyluridine (7 [ 5Cmg, 
2 . 17mmol) was dried over Pj3~ under high vacuum overnight at 
40 C. It was then cc - evaporated with anhydrous pyridine 
■2CmL) . The residue obtained was dissolved in pyridine 

20 ; llmL) under argon atmosphere. 4 - dimethyl aminopyridine 

'2 ; S.5mg, 2.60mmol) , 4 , 4 ' - d imet hoxy t r i t yl chloride ( 8 3 0w, 
2.60mmol) was added to the mixture and the reaction mixture 
was stirred at room temperature until all of the starting 
material disappeared. Pyridine was removed under vacuum. 

25 and the residue ohromat ographed and eluted with 10^ YetF on 
O'HyOl, ^containing a tew drops of pyridine) to get E'-c-lMT- 
1 ' - 0 - ' dime thy 1 amine - oxyethyl ) - 5 -methyl uridine 1 . 1 . : , - ^ . 
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5 ' - O - DMT - 2 ' -O- ( 2 -N, N- dime thy 1 ami nooxy ethyl ) -5- 
methyluridine - 3 ' - [ ( 2 - cyanoethyl ) -N, N- 
diisopropylphosphoramidite] 

5 ' -O-DMT- 2 ' -0- ■■ dimethylaminooxyet hyl ) - 5 -methylur:;; : ::e 
5 (l.D8g, 1 .6 7mm:l) was co - evaporated with toluene (20mL : . 
To the residue N , N - d i i sop ropy 1 amine tetrazonide :0.29a, 
l.ElnmiDl) was added 5ind dried :ver PC) under high vacuu::: 
overnight at 4 1 C. Then the reaction mixture was dissolved 
in anhydrous acetoni t ri le (8.4mL> and 2 - cyanoethyl - 

10 X , N , N : , M ■ - t et ra : sopropy 1 phosphoramidi t e \2.12mL, 6.08mmol; 
was added. The reaction mixture was stirred at ambient 
temperature for 4 hrs under inert atmosphere. The progress 
of the reaction was monitored by TLC ( hexane : ethyl, acetate 
1:1) . The solvent was evaporated, then the residue was 

15 dissolved in e t hy 1 acetate (70 mL ) and washed with E % 

aqueous NaHCO. i.4 0mL) . Ethyl acetate layer was dried ever 
anhydrous Na ;; SC' ; and concentrated. Residue obtained was 
chromatographe :i ;ethyl acetate as eluent ) to get 5 T -0-DMT- 
2 1 - O - ( 2 - N , N- dimethylaminooxyet hyl ) - 5 - met hyl uridine - 3 ' - [ 1 2 - 

20 cyanoethyl) -N, IvT-diisopropylphosphoramidi te ] as a foam 
{ 1 . JMg, 74 . 9%) . 

2 1 - (Aminooxyethoxy) nucleoside amidites 

2 T - ( Amine : xye thoxy ) nucleoside amidites [also know:; in 
the art as 2 ' -O - ( amiiiooxyet hy 1 ) nucleoside amidites] are 
25 prepared as described in the f :llowing paragraphs . 

Adenosine, cytidme and thymidine nucleoside amidites , - 
prepared simi lariv . 
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N2 - isobutyryl - 6 - O-diphenyl carbamoyl -2 ' - 0 - ( 2 - 
ethyl acetyl )-5 f -0-(4 / 4 l - dimethoxy tri tyl ) guanos ine - 3 ■ - 
[ ( 2 - cyanoethyl ) -N, N- dii sop ropy lphospho rami di te] 

The 2 ' -G- aminocxyethyl guano sine analog may be 
5 obtained by selective 2 ' -O-alkyla: ion of diammopunne 
riboside. Mult. 10 rani quantities of diammopunne ri cos id- 
may be purchased from Schermg AG (Berlin) to provide I'-O- 
( 2 - e t hy 1 a c e t y Id i i a m i n op u r ine r i b c s i d e along w 1 c n .a m i : ; _ r 
amount of the 3 1 - 1- isomer. 2'-G- ( 1 - et hyl acetyl ) 

10 diaiiinopurine riboside may be resolved and convened :c 2'- 
G- ( 2 - er hylacetyl ) guanosme by treatment with adenosine 
deaminase. (McGee, D. P. C, Cook, P. D . , Guinosso, C. J., 
WO 94/01501 Al 94 020 3.) Standard protection procedures 
should afford 2 ' -O- i 2 -ethyl acetyl > - 5 ' - O- ( 4 , 4 1 - 

is dimet hoxyt r i ty 1 1 gu ancs ine and 2 - N - i sobut yryl - 6 - O - 
dip henyl carbamoyl - 1 ' -O- (2 - ethyl acetyl ) - 5 1 -O - i 4 , 4 ' - 
dimet hc-xyt ri tyl > guanos ine which may be reduced to provide 
2 -X- l sobut yryl - o -G - di phenyl carbamoyl - 2 ' - O - ( 2 - ethy lace ty 1 ) - 
t. * -O- (4,4' -dimet hc-xyt rityl ) guanos one . As before the 

20 hydroxy! group* may be displaced by N-hydroxyphthal lmide via 
a Kitsunobu reaction, and the protected nucleoside may 
phosphi tylated as usual to yield 1 - N - i sobut yryl -6- 0 - 
dipheny! carbamoyl -2 ' -O- (2 - ethy 1 a set y 1 ;■ - E ' -O- (.4,4'- 
dimet hoxyt rityl .> guano s me - 3 ' - [ i 2 - cyan oe: hy 1 J -N , N - 

25 di isopropylphosphc ramidi te ] . 



2 1 -dimethylaminoethoxyethoxy (2 ' -DMAEOE) nucleoside 
amidites 

2 '- dimethylaminoethoxyethoxy nucleoside amidites 
known in the art as 2 ' - O - dime t hyl amin oe t hoxyet hy 1 , i.- 
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prepared as fellows . Other nucleoside audioes are prep .red 
similarly. 

2 1 -O- [2 (2-N, N-dimethylaminoethoxy) ethyl] - 5 -methyl uridine 

2 [2- (Di me t hy I am i no ) e t hoxy ] e t ha n o 1 ( Al dri c h , 6.6-5 g , 5 0 
5 mmol) is slowly added :o a solution -if borane in ie:ra- 

hydrofuran ( 1 M, ID mL , 10 mmol ) with stirring in a 13 5 mL 
tomb. Hydrogen gas evolves as the solid dissolves. C- - , 2 ' - 
anhydro - 5 -methylur idine (1.2 g, 5 mmol), and sodium 
bicarbonate (2.5 mg > are added and the bomb is sealed, 

10 placed in an oil bath and heated to 155 = C for 26 hours. 
The bomb is cooled to room temperature and opened. The 
crude solution is concentrated and the residue partitioned 
between water (200 mL) and hexanes (200 mL) . The excess 
phenol is extracted into the hexane layer. The aqueous 

15 layer is extracted with ethyl acetate (3x200 mL i and the 
combined organic layers are washed once with water, diced 
over anhydrous sodium sulfate and concentrated. The 
residue is columned on silica gel using methanol /methylene 
chloride 1:20 i which has 2% t r lethyl amine ) as the eluent . 

20 As the column fractions are concentrated a colorless solid 
forms which is collected to give the title compound as a 
white solid. 



5 1 -O-dimethoxytri tyl - 2 1 -O- [2 ( 2 -N, N-dimethylaminoethoxy) 
ethyl) ] -5 -methyl uridine 

To 0.5 g '1.3 mmol) of 2 ' - 0 - [ 2 i 2 - I\ , \ T - d lmet hy 1 am i nc 
et coxy) ethyl ;]- 5 -methyl uridine in anhydrous pyridine 
mL, , t r let hylamme ' 5.36 mL) and d i me t hoxy t r 1 1 y 1 chlonie 
(DMT-C1, 1.87 g, 2 eq. > are aided and stirred for 1 h:ur. 
The reaction mixture is poured into water ,2 DC mL . and 
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ex:.ra:tei with CH^Cl ,2x200 mL '■ . The combined CH Cl I 
are washed with saturated NaHLlo sclurio::, followed by 
saturated NaCl solution and dried over anhydrous sedou: 
sulfate. Evaporation of the solvent followed by silio 
5 chromatography using Me OH : CH__Cl : Et .N (20:1, v/v, with 1 
t rie thy 1 amine ) gives the title compound. 



ui e_ 



5 1 -O-Dimethoxytrityl-2 , -0-[2(2-N / N- 

dimethylaminoethoxy) ethyl) ] -5 -methyl uridine- 3' - O - 
( cyanoethyl-N, N- dii sop ropy 1 ) phosphoramidite 

io Di i sop ropy 1 ami not et razol ide (0.6 a) and 2 - oyanoe t ooxy - 

N, N-diisopropyl phuaphoramidite (1.1 mL, 2 eq.) are added 
to a solution of 5 ' - O - d i me t hoxyt r i t y 1 - 2 ' - O - [2 ( 2 - N , N - 
dimethyl ami noethoxy) ethyl) ] - 5 -met hy lur i dine (2.17 g, 3 
mmol) dissolved in CHyCl^ (20 mL) under an atmosphere of 

15 arg:n. The reaction mixture is stirred overnight and the? 
solvent evaporated. The resulting residue is purified by 
silica gel flash column chromatography with ethyl acetate 
as the eluent to give the title compound. 

Example 2 
20 Oligonucleotide synthesis 

Unsubst i t uted and substituted pnosphodiester (P=G 
oligonucleotides are synthesized on an automated DNA 
synthesizer (Applied Biosystems model 1:0B) using standard 
phosphoramidite chemistry with oxidation by iodine. 
25 Phjsphorcthioates (P = S) are synthesized as for th-- 

phosphoiiester c 1 o gonuc 1 ec t i de s except one standard 
oxidation rot tie v;as replaced by 1.2 X sou ut ion of 2H-1,2- 
benzjdithiole-3-one 1 , 1-dioxide in acetomtriie for the 
sterwise t hi at ion of the rhoschite Imkaaes. The t hi at ion 
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va:: step was increased Co -z c sec ana was rciiowea ry 
capping step. After cleavage from the OPG roller, and 
deblocking m coil tent rat ed ammonium hydroxide at 5 5 Z 
h) , the od igonu r 1 eoc i ies were purified by precipitati: 
twice with 2.5 volumes of ethariol from a 3 . 5- M NaUl 
solutr: n . Phocph iriate o 1 ig onuclect i des are p rep; a: 

described in U.S. Patent 5,509,27-1, herein incorporate 



; as 
by 



Alkyl phc'Spho'nate oligonucleotides are prepared as 
10 described in U.S. Patent 4,4*59, 563, herein incorporated by 
reference 

3 ' - ue oxy - 3 ' - me thy 1 ene phosphonate oligonucleotides are 

prepared as described in U.S. Patents 5,610,239 cr 

5,625,055', herein incorporated by reference. 
15 Phosphoramidite oligonucleotides are prepared as 

described in U.S. Patent, 5,256,775 or U.S. Patent 

5,366,875, herein incorporated by reference. 

Alkylphosphonothioate ol igonucleot ides are prepared as 

described in published PCT applications PCT/US 94 / 0 0 9 02 and 
20 PCT/US93/06976 (published as WO 94/17093 and WO 94/02499, 

respectively), herein incorporated by reference. 

3 ' -Dec>xy-3 ' - amino phosphor amidat e oligonucleotides are 

prepared as described in U.S. Patent 5,476,925, nerein 

incorporated by reference. 
05 Phosphot r lester oligonucleotides are prepared as 

described in U.S. Patent 5,123,243, herein incc rporated by 

reference . 

Bcrano pnospnate oligonucleotides are prepared as 
described in U.S. Patents 5,13 3,302 and 5,177,193, otto 
oo herein incorporated by reference. 
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Ex ample 3 

Oligonucleoside Synthesis 

Me: hy lene methyl i^ino linked cl igenue leos ides , a Is.: 
identified as MMI linked oligonucleosides, methylened: - 
5 me:.hylhydrazo linked ol igonue I ec sides , also identified ts 
MDH linked o 1 igonue 1 eosides , and me t hy leneearbc ny 1 am i Re- 
linked o 1 igonue leos ides , also identified as amude-3 linked 
o 1 igonue leos i des , and me: hylene amino tarbonyl linked cleio- 
nucleos ides , also identified as amide -4 linked ol igonu :: 1 eo - 

10 sides, as well as mixed backbone compounds having, for 
instance, alternating MM I and P = 0 or P = S linkages are- 
prepared as described in U.S. Patents 5,378,325, 5,3z6,C23, 
5,439,677, 5,602,240 and 5,610,239, all of which are 
herein incorporated by reference. 

15 Forma ret a 1 and t hio f ormacet al 1 i nked ol igonue leos i des 

are prepared as described in U.S. Parents 5,264,562 and 
5,264,5 64, herein incorporated by reference. 

Ethylene oxide linked ol igonue 1 ee-s ides are prepared as 
described in U.S. Patent 5,223,613, herein incorporated by 

2 o re f erer.ee . 

Example 4 
PNA Synthesis 

Peptide nucleic acids f PNAs ' are prepared in 
accordance with any of the various procedures referred to 
05 in Peptide Nucleic Acids (PNA; : Synthesis, Properties and 
Potential AppT i cat ions , Bioorganic & Medicinal Chemistry', 
19 96, 4, 5-23. They tay also rce prepared in acccrdauc- 
v; 1 1 n U.S. P a t e n t s 5 , 5 j> 9 , Z & 2 , 5 , 7 j j , Z- 2 2 , and 5 , 7 ^ , ^ o ^ , 
herein incorporated by reference. 
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Example 5 



Synthesis of Chimeric 



Oligonucleotides 



e os i aes 



jl:qonu:levtides/oiig:nu:leo3iies of the invention can re 
5 of several different types. These include a first type 
wherein the "gap" segment of linked nucleosides is 
positioned between 5' and : 1 "wing" segments of linked 
nucleosides and ^ second, "open end" type wherein the " : y " 
segment is located at either the 3' or the 5' terminus cf 
io the oligomeric compound. Oligonucleotides of the first ^ype 
are also known in the art as "gapmers" or gapped 
oligonucleotides. -oligonucleotides of the second type are 
also known in the art as "hemimers" or "wingmers" . 



Chimeric -oligonucleotides having 2' -O-alkyl 
phosphorot hioat e and 2' -deoxy phosphorothioate oligo- 
nucleotide segments are synthesized using an Applied*. 
Biosystems auto-mated DNA synthesizer Model 330B, as above . 

20 Oligonucleotides are synthesized using the automated 

synthesizer and 2' - deoxy- 5' - d imet .hoxy t r i ty 1 - 3 ' - C'-phosphor- 
amidite for the DNA portion and 5 ' - dime t hoxyt ri t yl - 2 ' - C 
methyl- : 1 -O-pncsphccamidite for 5' and 3' wings. The 
standard synthesis cycle is modified by increasing the wait 

25 step after the delivery cf tetrazole and base tc 6 00 s 

repeated four times for RNA and twice for 2 ' - O- met hy I . The 
fully protected ol igor:u:lec t ide is cleaved from the support 
and the phosphate grout' is deprotected in 3:1 



[2 1 -O-Me] - - [2 1 -deoxy] - - [2 1 -O-Me] Chimeric 



15 



Phosphorothioate Oligonucleotides 
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all bases and sample was again lycphilized to dryness. The 
pellet, is resuspended m 1M TBAF in THE for 24 hrs at r :T: 
temperature to depr::e:t the 2' positions. The reaction is 
then quenohed with 1M TEAA and the sample rs then reaioo 
5 to 1/2 volume by rctovac before being desalted cn a G2 1 
size exclusion :olu:n:u The cligo recovered is then 
analyzed spec t rc>phot ometri ca 1 1 y for yield and fcr purity by 
rapillary ele:t rophoresis and by mass spe::rometry. 



[2 1 -O- (2-Methoxyethyl) ] -- [2 • -deoxy] -- [2 1 -O- 
10 (Methoxyethyl) ] Chimeric Phosphorothioate 

Oligonucleotides 

[2 ' - O- ( 2 - methoxyethyl ) ] - - [ 2 ' - deoxy] - - [ - 2 ' -O - ( methoxy- 
ethyl} ] chimeric phosphorothioate oligonucleotides were 
prepared as per the procedure above for the 2'-0-methyl 
is chimeric oligonucleov ide, with the substitution of 2'-0- 
(methoxyethyl) amidit.es for the 2'-Q-methyl amidites. 



[2 1 -O- ( 2 -Methoxyethyl ) Phosphodies ter ] - - [2 1 -deoxy 
Phosphorothioate] - - [2 1 -O- ( 2 -Methoxyethyl ) 
Phosphodies ter] Chimeric Oligonucleotides 

20 [2 1 -0- ( 2 -methoxyethyl phosphodiester] -- [2 ' -deoxy phos- 

phorothioate] -- [2 ' -2'- (methoxyethyl) phosphodiester] 
chimeric oligonucleotides are prepared as per the above 
pro: re dure for the 2' O- methyl chimeric oligonucleotide with 
the substitution of 2 ' - O- (met hoxyet hyl ) amidites for t h^ 

25 2'-C'-methyl amidites, oxidization with iodine to generate 
the phosphodiester i nt ernuc 1 eot i de linkages within the 
wing portions of the chimeric structures and sul fur i zat .:. on 
utilizing 3,H-1,2 henzodithiole- 3 -one 1,1 dioxide Beau -age 
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Reagent: :c generate :he pbocsphc rc: hi a ace in:er:aae:: : :e 
linkages for the center gap. 

Other eh inter 11 oligonucleotides, chimeric ol:gc::t;:oec- 
s ides an i mixed chime ric ol igonuc leot ides / ol lgonuc 1 eos i ies 
5 are synthesized ac tending to United States patent 
5,603,065, herein incorporated by reference. 



Example 6 

Oligonucleotide Isolation 

After cleavage from the controlled pore glass column 
io (Applied Biosystems) and deblocking in concentrated 
ammonium hydroxide at 55 ~C for 18 hours, the 
oligonucleotides or oligonucleosides are purified by 
precipitation twice out of 0.5 M NaCl with 2.5 volumes 
ethanol . Synthesized oligonucleotides were analyze'! by 
is po iyacryl amide gel electrophoresis on denaturing gels and 
judged to be at least 35% full length material. The 
relative amounts of phosphorothioate and phosphodi es t er 
linkages 'Obtained in synthesis were periodically checked by 
" : P nuclear magnetic resonance spectroscopy, and for some 
20 studies oligonucleotides were purified by HPLC, as 

described by Chiang et al . , J. Biol. Chem . 1991, 266, 
18162-13171. Results obtained with HPLC -pur i f ied material 
were similar to those obtained with non-HPLC purified 
material . 



2 5 Example 7 

Oligonucleotide Synthesis - 96 Well Plate Format 

Oligonucleotides were synthesized via solid 
P(II1) phosphoratidite chemistry on an automated 
synthesizer capable of assembling 96 sequences 
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simultaneously ::: a standard 96 well format . 
Phcsphcdiest er i no ernuoleot ide linkages were afforded ;y 
oxidation with aqueous iodine. F:iosphorc:hioate 
i nt ernu o 1 ec>c 1 de linkages were generated ry su 1 f ur i zao i o n 
5 utilizing 2,14-1,2 benzodirhiole-3 - one 1,1 dioxide ,3ea;; :age 
Reagent) in anhydnus aoe t on i t r i 1 e . Standard base- 
pro: ected bet a - cyan oethyl di ist'propy 1 phosphoramidites w- - re 
purchased from c o>mme r o ial vendors (e.g. PE-Applied 
Bio systems, Foster Oity, CA, or Pharmacia, Pi scat away, XJj . 

10 Non-standard nucleosides are synthesized as per known 

literature or patented methods. They are utilized as base 
prot ected beta - cyanoethyldi i sopropy 1 phosphoramidi t es . 

Oligonucleotides were cleaved from support and 
deprotected with concentrated NHyDH at elevated temperature 

15 (55- ( :0"'C fcr 12-lo hours and the released product then 

dried in vacuo. The dried product was then re -suspended in 
sterile water to afford a master plate from which all 
analytical and test plate samples are then diluted 
at i 1 i zing robotio pi pet tors . 

2 0 Example 8 

Oligonucleotide Analysis - 96 Well Plate Format 

The concent rat ion of oligonucleotide in eaon well was 
assessed by dilution of samples and UV absorption 
spectroscopy. The full-length integrity of the individual 

25 prt'ducts was evaluated by capillary electrophoresis CB m 
either the 15 well format. (Beckman P/ACE" V MDQ) o. r , for 
individually prepared samples, on a commercial CB appaictus 
'e.g. , Beckman P/ACB' V 5020, AB I 27:; . Base and oacocoo- 
composition was confirmed by mass analysis of the compounds 

oc utilizing eie ctrospray-mass spectroscopy. All assay test 




5 Example 9 

Cell culture and oligonucleotide treatment 

The ef fe:: of ar.ti sense compounds on target nuclei: 
a:ii expression can be tested in any :>f a variety of cell 
types provided that the target nuclei:- acid is present, at 
10 measurable levels. This can be routinely determined using, 
for example, PCR or Northern blot analysis. The following 
four cell types are provided for illustrative purposes, but 
other cell types can be routinely used. 

T-24 cells: 

15 The transitional cell bladder carcinoma cell Line T-24 

was obtained from the American Type Culture Collection 
(ATCC) (Manassas, VA) . T-24 cells were routinely cultured 
in complete McCoy's 5A basal media (Cibco/Life 

Technologies, Gaithersburg, MD) supplemented with 10% fetal 
20 calf serum ( G i bco/ Life Technologies, Gaithersburg, MD), 
penicillin 111 units per mL , and streptomycin 10C 1 
micrograms per mL (Gibco/Life Technologies, Gaithersburg, 
MD) . Cells were routinely passaged by trypsmizat ion and 
dilution when they reached 90% confluence . Cells were 
2 5 seeded into 9 6 -we 11 plates (ralcon-Primaria #3 372/ at a 
density cf 7C0I cells/well for use in RT-PCR analysis. 

seeded onto IOC mm cr other standard tissue culture r; lanes 




A549 cells: 

The human lung carcinoma cell line A54 9 was obtained 
from one American Type Culture Collection (ATCC) iMaiiassa; 
VA; . A54 9 cells were routinely cultured in DMEM basal 
medi a ( G ibco/ 1 1 f e Te rhnologies , Ga i c he rsburg , MD ) 
supplemented with ID? fetal oalf serum (Gibco/Lif e 
Technologies, Gaitnersburg , MD ) , penicillin 100 units per 
mL, and streptomycin 100 micrograms per mL (Gibco/Lif e 
Technologies, Gaitnersburg, MD ) . Cells were routinely 
passaged by t ryps ini z at ion and dilution when they readied 
9 0 % conf luence . 



NHDF cells: 

5 Human neonatal dermal fibroblast (NHDF) were "obtained 

from the Clonetics Corporation ( Walkersvil le MD) . NHDFs 
were routinely maintained in Fibre-blast Growth Medium 
(Clonetics Corporation, Walkersvil le MD) supplemented as 
recommended by the supplier. Cells were maintained for up 

o to 10 passages as recommended by the supplier. 

HSK cells : 

Human embryonic ke rat inocyt es (HEK) were obtained from 
the Clonetics corporation ( Wal kersvi 1 le MD) . HEKs wer^- 
rouoinely maintained m Kerac inocyt e Growth Medium 
5 :i:ne:i:s Corporation, Walkersville MD < formulated as 
recommended by the supplier. Ceils were routinely 
maintained for up to 10 passages as recommended by che 
sunn 1 oer . 
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AMI 12 cells : 

Alpha T.ouse liver 12 :ells (AML12; were obtained from 
Ameri:ar. Type lulture Collection A'l 1 1 Manassas, '/A . 
AML12 -ells were routinely cultured in D-MSM/F-12 media 
5 iGibco/life Technologies, Gaichersburg, MD) supp lement eu 
with I nsul i n/ 1 rans f e r r in/ se lenium supplement ( G ibco / Li 1 - ..- 
Technologies, Gaithersburg, MI 1 ), 4 J no/ml dexamet hasone 
{ 3 igma ) penic i 1 1 in - streptomycin i Gibco/Lif e Technologies , 
Gaithersburg, MIO and 10% fetal bovine serum {Gibcc/Life 
io Technologies, Gaithersburg, MI 1 ) . Cells were routinely 

passaged by t ryps in i zat l on and dilution when they reached 
30% confluence. 

Treatment with ant i sense compounds: 

When cells reached 30% conf 1 uency , they were treated 

15 with oligonucleotide. For cells grown in 96 -well plates, 
wells were washed trice with 2 00 piL 0?TI -MEM™- 1 reduced- 
serum medium (Gibco BRL) and then treated with 130 uL of 
OPTI-MSM' M -l containing 3.75 jug/mL LIPOFECTIN*" (Guco BRL) 
and the desired oligonucleotide at a final concentration of 

20 150 nM. After 4 hours of treatment, the medium was 

replaced with fresh medium. le 1 1 s were harvested 16 hours 
after oligonucleotide treatment. 

Ex amp 1 e 10 

Analysis of oligonucleotide inhibition of PI3K p85 
z 5 expression 

Ant i sense modulation of P 1 3 K pB5 expression can :e 
assayed in a variety of ways -on own in the art . For 
example, P13K p65 cRXA levels can be quant itated by, e . ' . , 
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Northern blot analysis, oompetitive polymerase o ha 0:0 
react i en (PCR: , -or real-time PCR \. RT-?CR ' ; . Real -::oe 
quantitative ? 1R os presently preferred. RNA analysis /an 
be performed on total oellular RNA or poly(A)+- mRNA . 
5 Methods of RNA isolation are 0 aught in, for example, 
Ausubel, F.N. et al . , Current Protocols in Molecular 
Biology, Volume 1, pp. 4.1.1-4.2.9 and 4.5.1-4.5.3, Corn 
Wiley & Sons, Inc., 1993. Northern blot analysis is 
routine m the art and is taught in, for example, Ausubel, 
10 F.M. et al . , Current Protocols in Molecular Biology, Volume 

1, pp. 4.2.1-4.2.9, John Wiley & Sons, Inc., 1996. Real- 
time quantitative (PCR) can be conveniently accomplished 
using the commercially available AB1 PRISM™ 770 0 Sequence 
Detection System, available from PE- Apr- lied Biosystems, 

15 Fester City, ZA and used according to manufacturer's 

instructions. Other methods of PCR are also known in one 
art . 

PI3K p35 protein levels can be quantitated in a 
variety of ways well known in the art, such as 

20 immunoprecipitat ico, Western blot analysis 

( imrnunoblott ing) , ELISA or f luorescer.ee - ac 1 1 va t ed cell 
sorting (FACS) . Antibodies directed to PI3K p3t can re 
identified and obtained from a variety of sources, such as 
the MSRS catalog of antibodies < Aerie Corporation, 

25 Birmingham, MI) , or can be prepared via conventional 

antibody generation methods. Methods for preparation or 
polyclonal antosera are taught in, for example, AusureL , 
F.M. et ai. , Current Protocols in Molecular Biology, V- tome 

2, p>p. 11. 12. 1-11. 12. 1, John Wiley i Sons, Inc., 1997. 
3: Preparation of monoclonal antibodies is t augnt on, for 

example, Ausubel, F.M. et al . , Current Protocols in 
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Moieoular Biology, Volume 2, pp. 11.4.1-11.11.5, Jc:;:; V;; ley 
& Sons , l:o o . , 1997 . 

Imn:un:prec:pi:a::cn methods are standard in toe aro 
and ran be found at, for example, Ausubei , F.M. et al . , 
5 Current Protocols in Molecular Biology, Volume 2, pp. 

lj.16.l-10.l-z.il, John Wiley & Sons, Inc., 1998. Western 
blot ( immuri oblot ) analysis is standard in the art and o on 
be foomd at, for example, Ausubei, F.M. et al . , Current 
Protocols in Molecular Biology, Volume 2, pp. 10.8.1- 
10 10.3.21, John Wiley & Sons, Inc. , 19 97. Enzyme - 1 inked 

immunosorbent assays (ELISA) are standard in the art and 
can be found at, for example, Ausubei, F. M . et al . , Current 
Protocols in Molecular Biolog\ r , Volume 2, pp. 11.2.1- 
11.2.22, John Wiley & Sons, Inc., 1991. 

15 Example 11 

Poly (A) + mRNA isolation 

Poly (A) + mRNA was isolated according to Miura et at., 

Clin. Chem. , 19 96, 42, 175 3- 1764. (Other methods for 
poly (A) + mRNA isolation are taught in, for example, 

oo Ausubei, F.M. et al . , Current Protocols in Molecular 
Biology, Volume 1, pp> . 4.5.1-4.5.3, John Wiley .v Sons, 
In:. , 1993. Briefly, for cells grown on 96-well plates, 
growth medium was removed from the cells and each well was 
washed with 2C2 /iL cold PBS. 6 J /iL lysis buffer (10 mM 

0 5 Tris-HCl, pH 7.6, 1 mM SDTA, 1.5 M NaCl, C.E% NP-4 3, 2 C mM 
vanadyl orio:nuoleos:de complex: was added to each well, the 
plate was gently agitated and then intubated at room, 
t e mp e r a t u r e for five mi nut e s . 5 5 fi L c f 1 y sate wa s 
transferred to Cligo dfT) coated 96-well plates AG7T Inc., 



• 



:e::pera:ure, washed - ::^es v;;:h 20 0 M h of wash buffer IT 
tV Tris-HCl pH 7.:, 1 mX RBvA , 0 . 3 X XaX : . Af:er t he 
final wash, the place was blotted on paper towels remove 
5 excess wash buffer and then air-dried for r minutes. 6 1 

if elutii»n buffer (5 mM Tris-HCl pH 7.6), preheated to "C C 
was added :o ea:h well, the plate was incubated on a ^Z C 
hot. place for 5 minutes, and the e In ate was then 
transferred to a fresh 96 -well plate. 
10 Cells grown on ICO mm or other standard plates may ne 

treated similarly, using appropriate volumes of all 
so- l.ut ions . 

Example 12 

Total RNA Isolation 

15 Total mRXA was isolated using an RMS AS Y ?6' v kit aru 

buffers purchased from Qiagen Ins. (Valencia CA) following 
the manufacturer's recommended procedures. Briefly, nor 
cells grown on 96 -well plates, growth medium was removed 
from the cells and each well was washed with 200 /iL cold 

20 PBS. 100 /ih Buffer RLT was added to ea oh well and the p.late 
vigorously agitated for 2 0 seconds. 1 1 0 /iL of 7 0% ethanol 
was then added to each well and the contents mixed by 
pipetting three times up and down. The samples were troui 
transferred to the RNEASY 96^ well plate attached to a 

05 vIAVAC' v manifold fitted with a waste collection tray aro 
attached to a vacuum source . Vacuum was applied for 1" 
seconds. 1 mh of Buffer RW1 was added to each well if 'he 
RNEASY 06' v plate and the vacuum again applied for IE 
seconds. 1 ml_ of Buffer RPR was then added to each we 1 of 

: c the RNRASY 9 6 '"' to late and the vacuum, a to to lied for a rerit a of 
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vacuum was applied f :r an add::: :::al 1C minutes. The v. late 
was then removed ::::: the ;iAVAC' v manifold and blurted ;ry 
on paper towels. The plate was then re-attached to the 
5 £IAYAC" V manifold fitted with a collection tube raco 

containing 1.2 mL :cllection tubes. RNA was then elutea by 
pipetting f S 0 water into earn well, incubating L minute, 

and then applying tne vacuum for 3D seconds. The eluticn 
step was repeated with an additi:nal 6 D /ih water. 

io The repetitive pipetting and elution steps may be 

automated using a ~>IAG3N Si o - Robot 9604 (Qiagen, Inc., 
Valencia CA) . Essentially after lysmg of the cells on the 
culture plate, the plate is transferred to the robot (deck 
where the pipetting, DNase treatment and elution steps are 

is carried out . 



Example 13 

Real-time Quantitative PCR Analysis of PI3K p85 mRNA Levels 

Quantitation of ?I3K p35 mRNA levels was determined by 
real-time quantitative PCR using the A3 1 PRISM' M 77 0 D 

20 Sequence Detection System (PS-App-lied Biosystems, Roster 
City, CA) according to manufacturer's instructions. This 
is a closed- tube, non -ge 1 - base d , fluorescence detection 
system which allows high- throughput quantitation of 
polymerase chain reaction (PCR) products in real-time. As 

2 5 opposed to standard PCR, in wh i c h a mp> 1 i f l c a 1 1 o u pre du c t . 
are quantitated after the PCR is completed, products in 
real-time quantitative PCR are quantitated as tney 
accumulate. This is accomplished by including in the • 'R 
reaction an oligonucleotide probe that, anneals specific ^lly 



res c ~ :o 



: he 5 ' end 



10 
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■cm either Cpercr. Te:hnclca:e3 In:. , Alameda, _A 

of :he prcbe and a quencher iye (e.g., TAXRA , 
jbtamed from either 'jperc'H Technologies Inc., Alameda, SA 
or PE- Applied 3iosystems, Foster tity, 1A) is attached to 
the 3' end of the probe. When the probe and dyes are 
intact, reporter dye emission is quenched by the proximity 
of the quencher dye. During amplification, annealing of 

the probe to the target sequence creates a substrate that 



m be cleaved by the 5 T - exonu c le asr 



i v 1 ■ 



)f Taq 



polymerase . During the extension phase of the PCR 
amplification cycle, cleavage of the probe by Taq 
polymerase releases the reporter dye from the remainder of 

is the probe (and hence from the quencher moiety) and a 

sequence - spec i fi c fluorescent signal is generated. With 
each cycle, additional reporter iye molecules are cleaved 
from their respective probes, and the fluorescence 
intensity is monitored at regular intervals by laser optics 

20 built into the AEI PRISM™ 7700 Sequence Detection System. 
In each assay, a series of parallel reactions containing 
serial dilutions of mRNA from untreated control samples 
generates a standard curve that is used to quant it ate cue 
percent inhibition after ant i sense oligonucleotide 

2 5 treatment of test samples. 

PCR reagents were obtained from PS-Applied 3iosyst.ems, 
roster lity, CA . RT-1CR reactions were carried out bv 



adding 



cochtail fix TA tVAN * v buffer A, 



:f dAT? , 



or imer 
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:::::ai::i::g 2 5 poly A; mRNA sclutic::. The RT rea:::::. 

was :arriei out by i:;:ubatio- for 3C omutes at ^5 P. 
Following a 10 minute incubation at 95 C tc activate tit- 
5 AM PL I TAC COLZ:" v , 4C ovules of a two-step PCR pr:to:ol were 
tarried cut: 95 C for 15 seconds idenaturation' folleweo: by 
6 0 C for 1.5 minutes ( anneal ing/ ex tens ion' . PI3K p85 probes 
and primers were designed to hybridize t j the human I 1 - R 
phi sequence, using published sequence information (Genoank 
oo a ::es3ioo number M51P06, incorporated herein as SEC ID 
N't : 1 ) . 

For PI3K p'3 5 the PCR primers were: 
forward primer: AGOAACCTGGCAGAATTACGA (SEC ID NO: 2) 
reverse primer: CAAAACGTGCACATCGATCAT ( SEC ID NO : .1) and 

05 the PCR probe was: RAM - TTCTTGATTGTGATA tACCCTCCGTGGA IT - TAMRA 
(SEC IP 1 NO: 4} where FAM (PE-Applied Biosystems, Foster 
City, CA) is the fluorescent reporter dye) and TAMRA (PE- 
Ap-plied Eiosy stems, Poster City, CA) is the que no her dye. 
For GAPDH the PCR primers were : 

20 forward primer: GAAGGTGAAGGTCGGAGTC t SEC ID NO: 5) 

reverse primer: GAAGATGGTGATGGGATTTC (SRC 1 ID NO: 6 ) and one 
PCR probe was: 5' JOE - CAAGCTT TCCGTTCTCAGCC - TAMRA 3' SEQ 
ID NO: 7) where JOE (PE-Applied Biosystems, Foster City, 
CA; is the fluorescent repcrter dye) and TAMRA ( PE -Applied 

05 Biosystems, Foster City, CA) is the quenoher dye. 

Example 14 

Northern blot analysis of PI3K p85 mRNA levels 

Eighteen nours rhter sntisense treatment, cell 
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was prepared following manufacturer's retommerded 
pr::o::Is. Tv.rr.ty :c:rcgrair.s cf tctal RNA was :rac::::: ted 
by e I e :r r op hores i s through 1.2% agarose gels :c:::ai::;::^ 
1.1% formaidehyie using a MOPS buffer system (AMRESOO, Inc. 
5 Sedan, OH) . RNA was transferred from the gel to HYECXO v - N- 
ny I on Tembrur.es v Amersham Pharmacia 3 : ot.e ch , Pis tat away , 
NO' 1 by overnight tapillary transfer' using a 
Norchern/Soutnern Transfer buffer system (TEL-TEST " B " 
Int., Frierds'/uod , TX) . RNA transfer was confirmed by UY 

10 visualization. Membranes were fixed by UV cross - 1 inking 
using a STRATAL INKER. v UV Crossl inker 2400 (Stracagene, 
I no, ha Jed la, OA) . 

Membranes were probed using QUI C?".HY3* M hybridization 
solution (Stratagere, La Jolla, OA) using manufacturer's 

is recommendations for stringent conditions with a PI];?' pB5 
specific probe prepared by PCR using the forward primer 
AGGAAOGTGGOAGAATTAOGA ( SEQ ID NO: 2) and the reverse primer 
CAAAACGTGCAGAT TGATGAT (SEQ ID NO: 3). T :» normalize for 
variations in loading and transfer efficiency membranes 

to were stripped and probed for glycer aldehyde - 3 -phosphat e 
dehydrogenase ( GAPDH ) RNA (Clontech, Palo Alto, OA) . 
Hybridized membranes were visualized and quantitated using 
a PHOSPHOR IMAGERY and I MAGE QUANT ^ v Software V3 . 3 (Molecular 
Dynamics, Sunnyvale, OA) . Data was normalized to GAPDH 

25 levels in untreated tontrols. 

Example 15 

Antisense inhibition of PI3K p85 expression- 
phosphor othioate oligodeoxynucleo tides 

In a c c o r a a r c e w 1 1 n the r resent i n v ent ion a series c f 
re c 1 1 u c nu 1 1 e o 1 1 d e s '//ere d e s i o n e a to t a r u e t different r e i> o n s 
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of the human PI3K pSE RNA, using published sequences 
GenBaiik access:::: number M-51902, incorporated herein 

Target sites are indicated by nuclectide numbers, as gioen 
5 in tl:e sequence source reference yGeiibank accession no. 

M6I9Co) , to which the oligonucleotide binds. All cempcviids 
m Table 1 are cu i godeoxynuc i eoc. ides with phospho rot hie at e 
backbones ( i ncernucieoside linkages) throughout . The 
compounds were analyzed for effect on PI3K pS5 mRNA 1 eve Is 
10 by quantitative real-time PGR as described in other 

examples herein. Data are averages from two experiments. 
If present, "N.j." indicates "no data". 



Table 1 

Inhibition of FI2K p35 mRKA levels by phosphorothic 
15 ol igcdeoxynucl ec t ides 



ISIS# 


REGION 


TARGET 
SITE 


SEQUENCE 


% 

Inhibition 


SEQ ID 
NO. 


1 7 9 7 7 


G cding 




at cttet octet t tc ct t 


0 


8 


2 7 2 7 8 


G cding 


1 K S 


g c 1 1 c c t g c c c a t c a c t g 


2 9 




2 7 9 7 9 


Goding 


4 4 r z 






1 'J 


2 0 2 7 9 S 0 


G cding 


2 0 7 


a a 1 1 c t g c c agg 1 1 g c t g 


ij 


_ 1 


2 7 9 & 1 


G cding 


2 0 r : 


g t a ag t ccaggagatag c 


14 




2 7 9 £; 2 


2 cding 


■: 4 


a 1 1 1 c a c t g t a a a c g g c c 


1 9 




2 7 9 E 2 


G cding 


7 7 


get tgaag a aat gt 1 1 1 a 






2 72 c 4 


G c ding 


z r: 


ggctgetgagaatet gaa 








G cding 




g 1 1 c a 1 1 c c a 1 1 c a g z z g 


1 I- 




2 7 9 2 2 


G c ding 


7 „ 


agt aggttttggtggcct 








G : img 




ccactcataccgttgtcg 






*"7 Ci ■— — 


G c ding 




at t c ago attttgta agg 


1 






2 c ding 




accacagaactgaaggtt 








2c img 




atttcctgggatgt g c g g 








7cdmg 




ccget ctt ciggtct ggc a 


7 2 






G c d i n g 












Goding 
























7cdmg 
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?7; 


9 -5 


2c ding 


* S V C 


c :aa::r:::::gc:gaa 


2 3 






2 7 2 




3: ding 


1 S 2 4 


1 1 n z z i a a c c a c c og 1 1 c 


5 2' 


. . 6 






-3 


C iding 


16 4 C 






- - 








2:-ding 


2 ?2 5 


c:::g:t: oggt t g ::a: 


2 2 










3 tdmg 


1 J o 6 




: - : 










■0 :: ding 


2 'j 1 5 


z z acc acta: agag z agg 


2 






1 r :. 


'j 2 


C iding 


2. <~ 2 2 


::::actt:g::g:::a: 


Z 1 






2 2 C 




C idmg 


2 >; o & 


a a agcoat age z ag: tg r 




: 2 




2. 3 - 


0 4 


C cding 


2 1 2 0 


a :a: tgaggg agt :gt: g 






1 0 


2 3 0 


0 2 


I- ' UTR 


2 2 2 2 


g:cc:ctg::::::agag 








2 3 0 


0 2 


:- • UTR 


2 2 3 1 


a t c ag a c t. gg ag agg ag c 




; '7 




2 =. L- 


0 7 


2 ' UTR 


2-2 2 


a aag aagggac a age art 








2 3 L 


0 8 


' UTR 


^ 2 2' 1 


ctgcctct ctc:cc:cc g 


'- 


i 2 




" 


'J '2 


: 'UTR 


2 ' 3 1 


:caggo taa ac r aggoc g 


2 7 


4 J 


1 5 


2 o 'J 


10 


2 ' UTR 


2 e 7 2 


:gtc: ggg t c c a c c g c g e 


r . s 


4 1. 






11 


:- ' UTR 


2 7 4 1 


gaegege cctcc:g::ac 










12 


:- ' UTR 


2 7 2 3- 


a:tctccca aagcgt c :■: 


1 2 








12 


2 r UTR 


2 8 1 7 


c t ctggcaccttor.atg a 


1 8 








14 


:-■ 1 UTR 




:ct:c ag c a a a a o a aaa: 


2 4 




2 0 


2 & 0 


15 


2 ' UTR 




aactgaaat a a caact:a 








2 6 0 


lb 


2 ' UTR 


12 24 


c c a a c a a a a c ag :cca a a 




4 7 



As shown in Table 1, SEQ ID NOs 21, 22, 27, 28, 20, 
.•■■3, 40 and 41 demonstrated at least 30% inhibition of PI3K 
P'8 5 expression in this assay and are therefore.- preferred. 



Example 16 : 

Antisense inhibition of PI3K p85 expression- 
phosphorothioate 2 1 -MOE gapmer oligonucleotides 

In accordance with the present invention, a second 
series of ol igc no c 1 eot l des targeted to human F I3K - : w- 
synthesized. The c2 igonuc I e i de sequences are shown i: 
Table 2. Target sites are indicated by nucleotide nuu.ru 
as cj i v en in the s e c u e n c e source r e f e r e n c e ( i: 2 e n o a n /i 
accession no. 2222212. , to which the o 1 1 aonuc 2 e :>t i de hour.. 




"gar" region consisting of ten 2 ' - deoxynuc 1 eo; ides , whi :n 
is flanked on both sides (5' and 3' directions) by four - 
5 nucleotide "wings". The wings are composed of 2'- 

methoxy ethyl (2 ' -KOE; nucleotides . Tne internuc 1 eos ide 
.'ba rhbcne) 1 mkages are phosphorothi oace (P = S) :hroughcut 
the oligonucleo: ide. Cytidme residues in the 2 ' -MCE wings 
a re 2 - me t hy 1 c y t i d l ne s . 
10 Data were :btained by real-time quantitative PCR as 

described in other examples herein and are averaged from 
two experiments. If present, "N.D." indicates "no data". 



Table 2 





Inhibi 


tion of 


PI3K p8 5 inRNA levels 


by 


chimeric 


phosph 


orothioat e oligonucleo: ides having 


2 ' - 


MOE wings and 








deoxy gap 






ISIS# 


REGION 


TARGET 


SEQUENCE 




% seq : 






SITE 




Inhibition NO . 


2 S 0 1 7 


Coding 


8 8 


a:cttcttctctttcc:t 




5 9 8 


2 £ 0 1 6 


C idmg 


1 6 8- 


g c 1 1 c c t g t o c a t c a c t g 




4 7 2 


2 8 0 1 9 


Ceding 


44 8 


1 1 caa tggc t:::a:gag 




8 CO 


2 & 0 2 0 


Coding 


8 0 7 


aattccgecaggttgctg 




12 2.1. 




Co ding 




gtaagccc aggagata go 




4 2 . 2 




Ceding 


8 4 


a 1 1 1 c a c t ■ g t a a a c g g c t 




8 s< :. 2 


.1 c 0 1 1 


To ding 


778 


g cctgaagaaatgtt : t a 




4 1 14 


1 c ! .i . O 


Co ding 




ggctg o tg ag a at c t g a a 




c c 4 ' ::; 


" f "i ~ 5 


Co ding 




gttcattccattcagttg 






2 8 0 2 8 


2 : dm g 




a g t a gg 1 1 1 1 g g t g g 1 1 1 






.. . -■ — , 


C :■ ding 


c. ^ 


ttattcat actgttgttg 




4 2: *. r 


2 c 1' 2 8 




^ " 2 ^ 










2c ding 












Co ding 


^ 4 ^ 11 


at 1 1 c otgggat gt g o gg 








Codi ng 




c ego: rtt^iggtctoitioa 










_ ~ ~ . ^ 






3 5 _ 2 
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2 5 


; 3 3 


Ceding 


1 - 3 2 




4 3 


..4 


_ 5 


■3 3 4 


3cdmg 




en o a ag o e o o eocceaac 


2 3 


3 


2 o 


^ f 


To ding 




a t o g g t e c c o ego c 






2 c 


3 J 2 


3c ling 


i : 3 








2 c 


", "7 


3c ding 


1 ' " ■ 1 
.1. O ^- *"± 


t:g:ccaa::a:tcg:: c 


2 3 


\~ 3 


_ c- 


J 3- 3 


Zz ding 


1 ■-■ 4 " ; 


g:::: :ag:gcct 


- 


• 2 


1 o 


J 2' 3 J 


3 : ding 


J- 0 ^ „ 


::tcg::c oggo t g g c 


4 3 


■ C; 




: 43. 


■3c ding 


1 0 3 3 


::cg:::a::q:tc:::: 


■0 




^ 2 


: 41 


3 : ding 


. .- 


e e ac e a ct a cagag c agg 


: 3 


:. 3. 


2 & 


; 4i 


3 : ding 


2 '. 2 0 


:tt:ac:c cgccgr cca c 


■- 






3 4 3 


C edmg 


^ ■_■ 2 r 


a a agecat agec agt eg c 


o 


* 4 


^ b 


■3 4 4 


3 eding 


- 1 r .i . 


acao tgagggagt ego eg 


■- : 




~ O 


4. f-, 


3 1 UTR 




geect o ogee 1 1. c: cagag 


: ~ 


^2 


.J Ci 


0 4 ^3 


3 ' UTR 


.Jib 1 


ateagaceggag aggagc 


2. 




2 C'i 


34 7 


3 ' UTR 


..40*: 


a a a g a a g g g ataagcac c 


3 b 


3 - 


& 


0 4 3 


3 1 UTR 


'■ t-, ;"i ^ 


ctgcctccctcccctcc g 


■:~) 


V O 


Zi b 


") 4. M 


3 ' UTR 


" ' r ' 1 


c ■ c a g g c z a a a c ■ c a g g c c. g 




• 1 . 1 




3 5 3 1 


3 1 UTR 


3-7 0 


c g tc c t ggg z z e a c c g o g c 


5 7 


4 1 




0 5 1 


3 * UTR 


374 1 






j ■ ;■ 


2 b 


0 5 2 


3 * UTR 




attctcccaa ag egt :c c 


™. 3 




2 b 


c, 1 


3 1 UTR 


3 b 1 7 


ccctggc ace t z<zz a tg a 


i i 


4 4 


r 

^ o 


0 54 


3 ' UTR 




cct t cagcaaa ac aaa ac 


i"i 




J. C' 


5 5 


3 1 UTR 




aacogaaac aac aactt a 


^ 4 




28 


: 5 6 


2 ' UTR 


0 ^ 


■c c a a c a a a a e ag e c c a a a 


' L ) 


^7 



25 As shown in Table 2, SEQ 12) XOs 3, 9, 12, 13, 14, 15, 

17, 18, 20, 21, 23, 24, 27, 30, 32, 3 7, 41, 4 2 and 4 3 
demonstrated at lease 30% inhibition of PI3K p. 3 5 expression 
in this experiment and are therefore preferred. 

Example 17 

30 Western blot analysis of PI3K p85 protein levels 

Western hi:: analysis f loervunoro loo analysis' o? carried 
out using standard roe t hods . Cells are harvested 12-2:. o 
after c 1 igcnuc 1 e : e o de treatment, washed once v/ith PBS, 
suspended m hae-recli buffer '130 ul /v;el 2 '■ , boiied for 3 
3 5 rn i n u e e s and leaded on a 1 6 % S 3 3 - PA 3 K o e 1 Gels are run f c r 
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1.3 ricurs at 131 V, a:ou transterrea :: :;e^rane rcr vo 
blotting. Appropriate primary antibody directed to 11 
pS3 is used, with a radi c label led or f luorescen: ly la: 
secondary antitody directed against the primary ant i be 
species. Bands are visualized using a F HOSPHOR IMAGER" 
(Molecular Dynamics, Sunnyvale CA) . 



e 



Example 18 

Antisense inhibition of mouse PI3K p85 expression - 
phosphorothioate 2 1 -MOE gapmer oligonucleotides 

10 In accordance with the present invention, a series of 

oligonucleotides targeted to Tic-use PI3R pS5 were 
synthesized. The oligonucleotide sequences are shown m 
Table 3. Target sites are indicated by nucleotide numbers, 
as given in the sequence source reference (Genbank 

is accession no. -1504 13; SSQ ID NO: 48) , to which the 
ol igonuci eot ide binds . 

All compounds in Table 3 are chimeric oligonucleotides 
("gapmers") 20 nucleotides in length, composed of a central 
"gap" region consisting of ten 2 1 -deoxynucleotides, which 

20 is flanked on both sides (5' and 3' directions) by five 
nucleotide "wings". The wings are composed of 2'- 
methoxyethyl (2 ' -MOE) nucleotides. The lnternucleoside 
(backbone) linkages are phosphorothioate (P=S) throughout 
the oligonucleotide. cytidiiie residues are E- 

c 5 met nyl cy t i lines throughout the ol igonu o lectides . 

Data were obtained by real-time quantitative R7-?""T as 
described in other examples herein and are averaged fret, 
t o ext 1 e r i me n t s For mouse P 1 2 K tc 8 E- t h e PER. primers v.* ei ,: -- : 
forward orimer : 31 17GG IAGTAAAAT lAGAIG 'SEE= II- XI: 41- 
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reverse primer: Z ZA 3GTGTCCTT 3T0AGCAA SEQ ID NO: 5 C o : 
the P3R probe wss : FAM - TOGO 2CTCGCTGCGAGAGTCAG - TAMRA S E ^ 
ID Nl: 51) where FAM i?E-Appiied 3xosys:ems, Foster C::y, 
CA" is the flue res rent reporter dye) and TAMRA ^PE -Applied 
Biosystems, Foster 2rty, CA) is the quencher dye. I: 
present, "N.D. " miitates "no data". 



Table 3 

Inhibition if mouse PI3K p35 mRNA levels by chimeric 
phosphorothioate ol i gonucl eot i des having 2 1 -MOE win^s and a 

deoxy gap 





ISIS# 


REGION 


TARGET 


SEQUENCE 


% 


SEQ 










SITE 




Inhib. 


NO. 




13 


1 4 0 6 


3 1 UTR 




ogetget tc ctcc aaot egg 


5 6 






13 


1 4 0 7 


3 ' UTR 


1 9 r 


■ i g c t c c a c t c t c a g c 1 1 c a c 


85 






1 3 


1 4 0 .3 


5 'UTR 


37: 


icatctgtcctc c a t c a a c g 


8 8 




15 


13 


1 4 0 9 


3 ' UTR 




gcac tcatgt ctgeage t ct 


85 






13 


1410 


Goding 


694 


ectggecat cactgaat cea 


9 5 






13 


1411 


Coding 


74 6 


ccagtggt 1 1 cat tgt ague 


9 0 






13 


1412 


Coding 




cttgctgctccgtgtcagct 


8 5 






13 


14 1 3 


Coding 




t c t ccaagt ccac tgao gcg 


5 6 




20 


13 


1414 


Coding 




t oggegagat agegt 1 1 g a a 


7 2 






i - 
j i 


14 15 


Coding 


12 8 1 


a tact g a ag c g t a ag c c a a c 


7 5 






13 


14 16 


Coding 




tgctggtgctggctgtctct 


6 8 






13 


1417 


Coding 


16 7 0 


ggtgtaagagtgtaatcgcc 


7 8 






13 


14 1 8 


Coding 


- c 


ectget gg t a 1 1 1 gg a c a c t 


5 0 




25 


13 


14 19 


Coding 


2 6 1 


go t cctgggt t tggc at tgt 


4 5 






13 


1 4 2 0 


Coding 




:gatctctcggtactcag c t 


7 9 






13 


14 2 1 


Coding 


.J "1 1 z' 


got cccgac at t ecaegt c t 


6 5 






13 


1422 


Coding 


2 5 9 4 


coat ag ccggtggcagt ct t 


4 0 






13 


14 2 3 


5 ' UTR 




1 1 1 g c 1 1 c t c a g agg cct: g 


4 0 


■0 * 


3 0 


13 


14 24 


5- ' UTR 




ggt ct ccaa agtcoc a a ct t 


N.D. 


7 ) 




13 


14 2 5 


5. ' UTR 


5 2 4 1 


g t c t ggg 1 1 c a c c a c a c c c a 


N.D. 


7 ; 




13 


14 2 6 


5 ' UTR 




g c a t c a a t g 1 1. c t c t c a a ag 


75 


O " : 



As shown in Takle 3, SEQ ID NOs 53, 54, 55, 56, 57, 35, 5C 

61, 62, 63, 66, 67, and 72 demonstrated at least 6 0 ^ 

inhibition of mouse ?I3K p35 expression m this experiment 
and are therefore to re f e r red . 



• # 
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Example 19 

Effects of antisense inhibition of mouse PI3K p85 (ISIS 
131410) on mRNA expression in liver and fat 

Leptm, the pre- duct cf the cbese gene, is a 
5 circulating hormone secreted primarily from adipocytes and 
which interacts with receptors in the hypothalamus to 
inhibit eating. The lack of leptm m ob/ob mice, who are 
homozygous for' the obese gene, results in hyperglycemia, 
hypennsul inemia , hyperphagia , obesity , i nfert i 1 i:y, 
10 decreased brain size and decreased stature. The importance 
of this single peptide is demonstrated by the profound 
obesity exhibited by the ob/ob mouse which is unable to 
produce functional leptin. 

Ob/ob mice are- used as a model of obesity. The :b/ob 
is phenotype is due to a mutation in the leptin gene on a 

C573L/6J-Lep (ob) background. Heterozygous ob/wt mice (known 
as lean littermates) do not display the 

hyce r g 1 y c em l a / hype r 1 lpidemia or obes it y phenotype and , 
along with wild- type mice, are used as controls. 

20 In accordance with the present invention, the effects 

of ISIS 13141C { SEC ID NO: 56) on PI3K pc 5 mRNA expression 
was investigated in the ob/ob mouse model of obesity. 

Male ob/ob mice (age 9 weeks at time 0) were divided 
into matched qroups with the same average blood glucose 

25 levels and treated by intraperitoneal injection once a week 
with ISIS 141925 (-3CCACCGCCTATGTCTTCTC; SE£ ID NO: 73; the 
control oligonucleotide) or ISIS 12 1413. Mice were treated 
at a dose of 2 5 mg/kg of ISIS 14 15-25 or 25 mg/kg of I S 1 .0 
1 3 1 4 1 0 . 
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mi :e were sacrificed and tissues :clle::ed for cRXA 
analysis. RMA values were normalized and are expressed as 
a percentage of saline treated control. 
5 ISIS 131-410 successfully reduced ?I1K pE5 mF.NA levels 

in the liver and fat of ob./ob mite tto 52% and 5E% of 
control, respectively), whereas the control treated amtals 
showed no reduction in PI IK p3E tiRNA, remaining at the 
level of the saline treated control. 

to Lean littermates (ob/wt) were also examined for mRNA 

reduction of ?I3K p3E in the liver at doses of 2 5 and 5: 
mg/kg of ISIS 1314 11 or saline treatment. In these 
animals, at both doses, the level of expression was reduced 
only minimally to 31% of control . 

is Example 2 0 

Effects of antisense inhibition of mouse PI3K p85 (ISIS 
131410) on levels of p85 splice variant 

ISIS 13 14 10 is one of several antisense 
oligonucleotides of the present invention that hybridize to 
20 the longer p8 5-: splice variant and no: to the p5Ea or the 
pBC >: splice variant. Studies were therefore designed to 
study the effects of this antisense ol igonuc leot i de on 
expression product of ?I3K p8r > splice variant. 

Analysis of. the expression of the various splice 
25 variants of F 1 1 3 PI p3E by i mmunopre c lp 1 1 a t i c n with pill- * he 
catalytic subunit; and Western blot detection using the 
pE5pan antibody 'which recognizes all three variants 
revealed that, m the livers of bo th ore/ oh and wild-tyr*- 
mice, treat Tie n t with ISIS 121 4 It alters the species c f • 1 3 K 
pSE variant present m favor of the pEO > variant. 
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Example 21 

Effects of antisense inhibition of PI3 kinase p85 (ISIS 
131410) on blood glucose levels 

Male ob/ob and wild- type mice were divided into 
5 matched groups with the same average blood glucose levels 
and treated by intraperitoneal injection once a week with 
saline, ISIS 131411 or the scrambled control, ISIS 141S-25. 

Ob/ob mice were treated with saline, or doses of 2 5 or 
5 0 mg/kg of ISIS 313410 (n=4 ) or ISIS 141925 (n=2) while 
10 wild- type mice (n=?) were treated with saline or doses of 
25 or 50 mg/kg of ISIS 131410. Treatment was continued for 
two weeks with blood glucose levels being measured on day 
0 , 7 and 14 . 

By day 14 in ob/ob mice, blood glucose levels were 
15 reduced at all doses of ISIS 131410 from a starting level 
of 250 mg/dL at day 1 to 13 0 mg/dL at day 7 and 150 mg/dL 
at day 14. These final levels are witnin the normal range 
for wild- type mice (170 mg/dL) . The scrambled centred and 
saline treated levels were 240 mg/dL and 250 mg/dL at day 
20 14, respectively. 

In wild-type mice, blood glucose levels remained 
constant throughout the study for all treatment groups 
(average 150 mg/dL) . These results indicate that treatment 
with ISIS 131410 reduces blood glucose in ob/ob mice and 
25 that there is no hypoglycemia induced in the ob/ob or the 
wild-type mice as a result of the oligonucleotide 
t r eat merit . 



4 m 
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Example 2 2 

Effects of antisense inhibition of mouse PI3K p85 (ISIS 
131410) on serum insulin levels 

Male ob/ob mice (age 9 weeks at time 0) were divided 
5 into matched groups with the same average blood glicose 

levels and treated by intraperitoneal injection once a week 
with saline, ISIS 141925 (the control oligonucleotide') or 
ISIS 13 14 10 at a dose of 50 mg/kg. Treatment was continued 
for two weeks with serum insulin levels being measured on 
10 day 14 . 

Mice treated with ISIS 131410 showed a decrease in 
serum insulin levels (5 ng/mL) compared to saline treated 
animals (26 ng/mL) and control treated animals (28 ng/mL) . 

Collectively, these data show that antisense 
15 oligonucleotides to PI3K p85 act to reduce serum insulin 
and blood glucose in vivo and suggest that they have 
potential therapeutic value in the treatment of disorders 
associated with insulin and glucose regulation. 



